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Welcome to the Agribusiness Crop Updates 2005 Cereals Booklet! 
Whilst the greater majority of us are enjoying the holiday season, researchers are under a great deal 
of pressure to finalise results and write papers.  Their dedication provides agribusiness and growers 
the most current research as early as possible whilst planning the year ahead.  In recognition of that, a 
big thank you must go to everyone who submitted papers so promptly to me this year – it has been a 
pleasure working with you. 
Committees, coordinators and convenors must also be duly acknowledged for their enormous efforts.  
Without extension, research is a waste of resources; so I am thrilled to be part of a fantastic team, 
presenting information to you that has the potential to make agriculture in WA more efficient, 
productive and sustainable. 






Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
1 
Optimum sowing time of new wheat varieties in 
Western Australia 
Darshan Sharma, Brenda Shackley, Mohammad Amjad, Christine M. Zaicou-
Kunesch and Wal Anderson, Department of Agriculture WA; Northam, Katanning, 
Esperance, Geraldton and Albany 
KEY MESSAGES 
The response of wheat varieties to sowing date as tested over the last two years showed a wide range 
of optimum periods depending on the location and seasonal conditions.  Given that the range of 
varieties available does not have large differences in maturity, the groups of varieties had overlapping 
periods when they reached their maximum grain yield.  
Calingiri achieved its best yield if sown as early as mid-May while the optimum sowing time for 
Annuello, Drysdale, EGA Jitarning, Rees and Odiel was late-May to early-June. 
Cultivars like Spear, Carnamah, EGA Eagle Rock, WAWHT2499, Westonia, Wyalkatchem and Yitpi 
had relatively wider sowing windows and performed best from sowings during mid-May to mid-June. 
AIMS 
To highlight the performance of new wheat varieties at different times of sowing in Western Australia 
and determine the variety-specific sowing period when a given variety will achieve its maximum in a 
given environment. 
METHOD 
Eighteen Cultivar x Time of sowing trials involving 33 local and interstate released varieties and 8 
crossbreds were conducted across the State during 2003 and 2004.  The trial locations were:  
Mullewa, Mingenew and Eradu in the North; Mukinbudin, Quairading and Avondale in the Centre; 
Nyabing, Jerramungup and Katanning in the South; Salmon Gums, Gibson and Scaddan in the South 
Coast area.  Trial sites represented predominant soil type and crop rotation combinations in the 
regions.  Each trial was a replicated, row-column design with as much balance as possible.  Plot size 
was around 28 m2 and trials were sown and harvested using small plot machinery. 
The first sowings were made on the first available opportunity after the break, with 2-3 week intervals 
for subsequent sowing dates.  Plots were seeded at approximately 100 plants/m2 and were given 
adequate nutrition as per local practice.  Trials were kept disease and pest free following standard 
practices. 
Grain yield data on each trial was analysed using Genstat.  Grain yields were calculated for each 
variety relative to the yield at the highest yielding sowing time (called 100).  Relative grain yields were 
plotted against sowing date (for example, see Figure 1).  For each region considering all trials over the 
two years, the period when the variety reached it’s maximum yield was considered to be it’s optimum 
sowing period.  
RESULTS 
The optimum sowing times of new varieties and crossbreds for each region are given in Table 1.  
Since no sowing opportunity was available before mid-May, conclusions about the earlier limit of the 
sowing window should be taken with caution. 
Cultivars Annuello, Calingiri, Chara, Datatine, Drysdale, EGA Jitarning, Odiel and Rees and the 
crossbreds RAC1055, EGA 2248 could be sown up to early June in most parts but Calingiri is the 
variety with the earliest start of optimum period (mid-May). 
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The optimum sowing periods for other mainstream varieties (grown over > 1% of the sown area in 
2004), Carnamah, Westonia and Wyalkatchem, were relatively wider (mid-May to mid-June) which 
coincides with the most common seasonal break time throughout the State.  The new cultivars EGA 
Eagle Rock (recommended for whole of the State), crossbred WAWHT2499 (to be released February 
2005), WAWHT2524 (scheduled to be released in August 2005) and the old, widely adapted variety 
Spear also fall in this group. 
Cultivars Bowerbird, GBA Ruby, GBA Shenton and EGA Bonnie Rock had optimum sowing times 
between late-May to mid-June in most parts of the State. 
 
Figure 1. Relative grain yield of wheat cultivar Wyalkatchem at different sowing times in the Great 
Southern region in 2003 and 2004.  The optimum sowing period in this set was estimated as 
early to mid-June. 
CONCLUSION 
There are two important questions regarding varietal choices in relation to the time of seasonal break 
and the seeding schedule:  (i) What are the most profitable varieties in a given region at a given 
sowing time? and  (ii) What is the optimum period when a given variety will achieve its best? 
The answer to the first question lies in the grain yield (t/ha), grain quality (grain protein) and delivery 
standards (for example, screenings, black point, falling numbers) at a given seeding time of a given 
variety in comparison to other available varieties.  The results on this aspect have been compiled and 
presented in separate papers for each region in this book. 
The answer to the second question lies in Table 1.  Matching the variety to the sowing time is the key 
to maximising farm yield and varietal performance. 
KEY WORDS 
new varieties, wheat agronomy, crop management, time of sowing 
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Table 1. Optimum sowing time of different varieties in the four wheat growing regions of Western 
Australia 
Variety North Centre South Coast Great Southern 
Released varieties 
Annuello MM (4) LM - MJ (11) LM - EJ (15) LM (8) 
Arrino MM - LM (6) LM - EJ (11)   
Babbler  EJ - MJ (2) LM - MJ (6)  
Bowerbird LM (5) LM - MJ (8) LM - MJ (15) EJ - MJ(6) 
Braewood   LM - MJ (15)  
Calingiri MM - LM (11) LM - MJ (14) LM - MJ (15) LM - MJ (11) 
Carnamah MM - LM (11) LM - MJ (14) LM - MJ (15) LM - LJ (11) 
Cascades MM - LM (6) LM (6) LM - MJ (6) LM (5) 
Chara LM (5) LM - MJ (8) LM - EJ (9) EJ - MJ (6) 
Datatine    LM - MJ (8) 
Drysdale LM (5) LM - LJ (5) LM - EJ (9) EJ - MJ (6) 
EGA 2248    LM - MJ (8) 
EGA Blanco MM - LM (6) LM (6) LM - MJ (6) LM (5) 
EGA Bonnie Rock LM - EJ (11) LM - LJ (14) LM - MJ (15) LM - MJ (11) 
EGA Castle Rock MM - EJ (11) LM - MJ (14) LM - MJ (15) LM - MJ (11) 
EGA Eagle Rock MM - LM (11) LM - MJ (14) LM - MJ (15) LM - MJ (11) 
EGA Hume LM - MJ (5) LM - EJ (5) LM - EJ (9) EJ (3) 
EGA Jitarning  LM - EJ (8)  LM - MJ (8) 
Ellison  EJ -  (2)   
GBA Combat LM (4)  LM - MJ (6) LM (4) 
GBA Ruby LM - MJ (9) LM - MJ (14) LM - LJ (15) LM (11) 
GBA Sapphire LM - EJ (5) LM - MJ (14) LM - MJ (13) LM - MJ (9) 
GBA Shenton LM - EJ (9) LM - EJ (14) LM - MJ (15) LM - MJ (11) 
Kukri LM (4) LM (6) LM - EJ (6) LM - EJ (5) 
Lang LM (5) LM - MJ (6) LM - EJ (9) EJ (3) 
Mitre LM (4) LM (6) LM - MJ (6) LM (5) 
Odiel   LM - EJ (9)  
Pugsley LM (4) LM - MJ (8) LM - MJ (6) LM (5) 
Rees LM (5) LM - MJ (8) LM - EJ (9) EJ (3) 
Spear MM - EJ (11) LM - EJ (12) LM - MJ (15) LM - LJ (8) 
Westonia MM - EJ (11) LM - MJ (14) LM - MJ (15) LM - EJ (11) 
Wyalkatchem MM - EJ (11) LM - MJ (14) LM - MJ (15) EJ - MJ (11) 
Yitpi MM - EJ (9) LM - MJ (14) LM (6) LM - LJ (8) 
Crossbreds 
GBA H99−9AH LM - MJ (5) LM - MJ (8) LM - EJ (9) EJ - MJ (6) 
RAC 1055 LM - EJ (5) LM - MJ (8) LM - EJ (9) EJ - MJ (6) 
WAWHT 2499 MM - EJ (11) LM - MJ (14) LM - MJ (15) LM - MJ (9) 
WAWHT 2524 MM - EJ (11) LM - MJ (14) LM - MJ (15) LM - MJ (11) 
WAWHT 2550 MM - LM (6) LM - EJ (8)   
WAWHT 2661 MM - LM (6) LM (6) LM - MJ (6) LM (5) 
WAWHT 2672 MM - LM (6)    
WAWHT 2589   LM - MJ (8)   MJ (3) 
MM = mid-May (10-20 May);  LM = late May (21-31 May);  EJ = Early-June (1-10 June);  MJ = mid-June 
(11-20 June);  LJ = late-June (21-30 June);  Values within brackets show the number of data points on which the 
conclusion is based.  Less confidence can be placed on estimates made on less than 10 observations. 
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Wheat varieties updated in ‘Flowering Calculator’:  A 
model predicting flowering time 
B. Shackley, D. Tennant, D. Sharma and C.M. Zaicou-Kunesch, Department of 
Agriculture, WA; Katanning, South Perth, Northam and Geraldton 
KEY MESSAGES 
• Data collected in 2003 and 2004 have been used to update the ’Flowering Calculator’ to predict 
the flowering time of current wheat varieties grown in a range of locations and sowing times. 
• Predictions for key locations and over 16 varieties are available to assist in determining sowing 
sequences for varieties to maximise yield and minimise frost risk. 
BACKGROUND 
The choice of sowing date and variety is the key to maximising yield potential.  Earlier sowing should 
mean better water use efficiencies and higher yields.  Successful adoption of this strategy hinges on 
matching variety to sowing time to maximise growth and minimise the likelihood of frost damage after 
flowering, yet avoid the incidence of high temperature events and terminal drought during grain fill.  
The Flowering Calculator is a tool that enables the user to compare flowering dates relative to risks of 
frost and high temperature events and the likelihood of experiencing optimum conditions during grain 
development. 
The Flowering Calculator provides a procedure to calculate flowering date using average daily 
temperature and day length. 
• The user can interrogate daily temperature data records to provide information on incidence of 
frost and critical mean temperature events after flowering, high temperature events towards the 
end of grain filling and variation in flowering time. 
• Outcomes for a range of varieties can be assessed relative to user-defined flowering windows 
and end of season dates, for any date of sowing. 
• The user can define frost, critical high temperature events in terms of severity and duration. 
• The user can select one or more years of temperature record to calculate year specific flowering 
times and identify occurrence of frost, critical temperature, and high temperature events in those 
years. 
Parameter data are supplied to enable flowering time to be calculated for a selection of varieties for 
each of several crop species using a range of phenological models.  The models were selected on the 
basis of:  (i) enabling easy generation of parameters as new varieties come to hand using sowing 
date, flowering date, and daily temperature and site latitude data; and  (ii) accessing existing and 
developing parameter data bases. 
The model used is as follows: 
1/D = a + b(Temp mean) + c(Day length mean) 
where: D = the duration from sowing to flowering in days; 
 a, b and c = are coefficients related to basic vegetative period (BVP), temperature 
response and photo-period response respectively. 
AIMS 
Flowering data collected by the project “Variety specific agronomy for wheat yield and grain quality in 
the Western Region – DAW0012” will be used to generate parameters for ’Flowering Calculator’ to 
predict the flowering times for the current wheat varieties grown in a range of locations and sowing 
times in WA. 
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METHOD 
Flowering dates (50% anthesis) were observed for twenty current and potential new varieties sown at 
three sowing dates at Mullewa, Mingenew, Nungarin, Quairading and Katanning in 2003, and 
Mullewa, Eradu, Northam and Katanning in 2004. 
The sum of the mean daily temperature was calculated from sowing to flowering from the closest 
weather station located near each of the sites.  The latitude of the location was used to calculate the 
mean day length.  These values where then used to calculate the regression parameters for each 
variety. 
RESULTS AND CONCLUSION 
Table 1. Predicted flowering dates in three regions using the Flowering Calculator 
Time of sowing 
Predicted 
1 May 15 May 1 June 15 June 
Carnamah region     
Westonia 22 July 11 August 1 September 15 September 
Wyalkatchem 27 July 15 August 5 September 19 September 
Carnamah 31 July 20 August 9 September 23 September 
Calingiri 1 August 21 August 10 September 24 September 
Beverley region     
Westonia 6 August 26 August 15 September 27 September 
Wyalkatchem 11 August 31 August 19 September 1 October 
Carnamah 17 August 5 September 23 September 5 October 
Calingiri 18 August 6 September 24 September 6 October 
Katanning region     
Westonia 17 August 5 September 24 September 7 October 
Wyalkatchem 23 August 10 September 29 September 11 October 
Carnamah 29 August 16 September 3 October 15 October 
Calingiri 30 August 17 September 4 October 16 October 
Shaded areas represent the estimated ’flowering window’ for the three regions. 
From the mid May sowings, the predicted flowering dates closely correspond to actual flowering dates 
observed in the field.  Early May predictions tend to be under estimating the flowering time.  Additional 
information on varieties and regions will be available at the crop updates. 
KEY WORDS 
wheat, varieties, flowering, sowing 
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Plant populations for wheat varieties 
Christine M. Zaicou-Kunesch, Wal Anderson, Darshan Sharma, Brenda 
Shackley and Mohammad Amjad, Department of Agriculture, WA; Geraldton, 
Albany, Northam, Katanning and Esperance 
KEY MESSAGES 
• The optimum seed rates of EGA Eagle Rock and WAWHT 2499 appears to be higher than for 
Carnamah based on the studies in 2003 and 2004. 
• In the southern and south coastal regions, optimum plant densities were relatively higher than 
the other regions. 
• These target populations should be regarded as the minimum that will not limit yield at a yield 
level of about 2 t/ha (close to the State average).  Target populations, should be increased by 
40-50 plants/m2 for every tonne of expected yield.  This will be about an extra 20 kg/ha of seed 
for every extra tonne of targeted yield at an average seed size of 37 mg and an establishment 
percentage of 85%. 
AIMS 
Provide guidelines on the optimum plant population of new wheat varieties.  Optimum plant population 
should be regarded as the minimum necessary to avoid making plant population a limiting factor to 
production. 
METHOD 
Fourteen ‘Cultivar x Seeding rate’ trials involving fourteen local and interstate varieties and cross 
breds were trialled across the State in 2003 and/or 2004.  The trial locations were:  Mullewa, 
Mingenew, Buntine and Eradu in the North; Mukinbudin, Quairading and Nungarin in the Centre; 
Newdegate and Katanning in the South; Cascades, Gibson and Scaddan in the South Coast area.  
Trial sites represented predominant soil type and crop rotation combinations in the regions.  Plot size 
was around 28 m2 and trials were sown and harvested using small plot machinery. 
In 2003 there were 6 varieties and 4 seed rates (50, 100, 200 and 300 target plants/m2).  In 2004 there 
were 9 varieties and 3 seed rates (50, 100 and 200 target plants/m2).  Trials were kept disease and 
pest free following recommended practices. 
Where grain yield increased with increasing plant density, the optimum plant population was 
considered the highest plant density achieved.  Where grain yield declined or did not change with 
increasing plant density, the optimum plant population was considered the lowest plant density.  
Where grain yield increased and then declined, the optimum plant density was based on the point at 
which each extra 1 plant/m2 yielded 2.5 kg/ha of extra grain.  This was calculated for each variety at 
each trial. 
RESULTS 
In the northern and central regions, the optimum plant density was relatively low compared to the 
southern and south coastal regions (Table 1).  In general the grain yields of the varieties were not very 
responsive to increasing seeding rate in the northern and central regions.  This may be due to the dry 
season experienced throughout the regions and relatively hot dry finish to the season. 
In the southern and south coastal regions, optimum plant densities were relatively higher than the 
other regions.  This may be due to lower temperatures at grain filling (Table 2) since the growing 
season rainfall in these regions was also below average. 
Further analysis is required to assess the impact of seeding rates and varietal performance on small 
grain screenings and protein. 
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Broadly speaking the results are similar to those reported in 2004 with varieties such as GBA Shenton 
and GBA Ruby only requiring a low population to reach their maximum yield, EGA Castle Rock, 
Wyalkatchem, and WAWHT 2499 needing higher plant numbers and GBA Sapphire, EGA Eagle Rock 
(previously WAWHT 2525A) and Calingiri responding to the highest populations.  The response of 
Carnamah was not consistent, apparently being sensitive to seasonal influences. 
Table 1. Average optimum plant density (plants/m2) (across the State and in each region) of 15 
varieties based on trials conducted in 2003 and 2004 









EGA Eagle Rock 101 14 92 74 102 137 
Wyalkatchem 97 14 77 89 97 124 
WAWHT2499 93 14 61 90 95 125 
Carnamah 82 13 63 58 93 115 
Calingiri 98 7 72 84 109 126 
EGA Castle Rock* 86 7 63 91 92 100 
GBA Ruby ** 86 7 57 86 85 116 
GBA Sapphire** 115 6 50 71 144 194 
GBA Shenton** 73 6 72 60 55 104 
Annuello** 144 2   144  
Drysdale** 80 2 53 106   
EGA Bonnie Rock** 69 2 56 83   
EGA Jitarning** 191 1    191 
WAWHT2589** 188 1    188 
Datatine** 168 1    168 
2003 grain  
yields (t/ha) 




CA: 2.86 KA: 2.7 
NE: 3.1 
2004 grain  
yields (t/ha) 









* Denotes trialled only in 2003. 
** Denotes trialled only in 2004. 
Table 2. Maximum temperatures between September and November at Mullewa and Esperance 
Maximum temperate in 2003 Maximum temperature in 2004 
 Mullewa Esperance Mullewa Esperance 
September 21 18 22 18 
October 27 19 28 23 
November 31 23 29 24 
CONCLUSION 
Optimum seeding rate of varieties appears to differ between regions.  In general, high seed rates are 
required in the south and south coastal regions compared to the central and northern regions.  The 
seasonal conditions and temperatures may have an impact on varietal performance with increasing 
seed density. 
In general we have observed that differences between varieties in their response to plant population or 
seed rate are not clear at yields less than about 2.5 t/ha.  This means that our data set is more limited 
for this purpose but the following broad groupings of responses can be made: 
Responsive (> 100 plants/m2) GBA Sapphire – minimum seed rate 55 kg/ha 
EGA Eagle Rock – minimum seed rate 45 kg/ha 
Calingiri – minimum seed rate 46 kg/ha 
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Moderately responsive (80-100 plants/ m2) EGA Castle Rock – 40 kg/ha 
WAWHT 2499 – 40 kg/ha 
Wyalkatchem – 45 kg/ha 
Less responsive (60-80 plants/m2) GBA Shenton – 30 kg/ha 
GBA Ruby – 35 kg/ha 
Carnamah – 35 kg/ha 
These target populations should be regarded as the minimum that will not limit yield at a yield level of 
about 2 t/ha (close to the State average).  Target populations, should be increased by 40-50 plants/m2 
for every tonne of expected yield.  This will be about an extra 20 kg/ha of seed for every extra tonne of 
targeted yield at an average seed size of 37 mg and an establishment percentage of 85%. 
KEY WORDS 
new varieties, wheat agronomy, crop management, seed rates 
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New wheat cultivars response to fertiliser nitrogen in 
four major agricultural regions of Western Australia 
Mohammad Amjad, Wal Anderson, Brenda Shackley, Darshan Sharma and 
Christine Zaicou-Kunesch, Department of Agriculture, WA; Esperance, Albany, 
Katanning, Northam and Geraldton 
KEY MESSAGES 
• New cultivars generally responded positively to fertiliser nitrogen for grain production depending 
on the soil-moisture and seasonal conditions in North, Central, Great Southern and the South 
Coast agricultural regions.  
• Based on the overall responsiveness, GBA Sapphire, Wyalkatchem, Annuello and 
WAWHT2499 (new variety to be released at Perth crop update in February 2005) were 
measured as responsive to fertiliser nitrogen with grain yield increase of over 6 kg per kg N 
applied.  
• EGA Eagle Rock, GBA Ruby, GBA Shenton and Carnamah were found moderately responsive 
to fertiliser nitrogen with grain yield increase in the range of 4–6 kg per kg N applied. 
• New wheat cultivars also responded differently to protein production per unit of N applied.  
Based on 2003 protein data of 6 cultivars, EGA Eagle Rock and Carnamah were screened as 
responsive to fertiliser nitrogen with a protein increase of 0.7% for the initial 30 kg N/ha applied.  
AIMS 
The aim of this research was to investigate how fertiliser nitrogen response differs between new wheat 
cultivars for grain and protein production in four major agricultural environments of Western Australia.  
METHOD 
Seventeen field experiments were conducted in the North, Central, Great Southern and the South 
Coast of Western Australia during 2003 and 2004 (Mullewa, Mingenew, Buntine, Quairading, 
Merredin, Newdegate, Katanning, Gibson, Scaddan and Salmon Gums).  
Six cultivars were used in 2003 trials on all 7 sites and 9 cultivars were used in 2004 trials at 9 sites 
with 6 common cultivars along with 2-3 site-specific cultivars.  Four rates of fertiliser nitrogen (nil, 30, 
60 and 120 kg/ha N) were applied at seeding (except at Gibson, N was topdressed 5 weeks after 
seeding).  A basal phosphate fertiliser of 16 kg P/ha was deep banded at seeding.  Trials were sown 
at the opening rain in late May to early June depending on the soil-moisture conditions and crop 
rotation combinations in each regions. 
RESULTS 
Average grain yield with 30 kg/ha N fertiliser ranged from 1.60 t/ha to 4.0 t/ha in 2003 and varied from 
1.0 t/ha to 3.0 t/ha in 2004 depending on the soil type and cropping environment on each site 
(Table 1).  Protein averaged 12% (range 10.5 – 16%) with 30 kg/ha N fertiliser applied.  Protein data 
for 2004 trials are being measured at reporting.  
Table 1. Average grain and protein production in 2003 and grain production in 2004 at all 17 
experimental sites at 30 kg/ha of nitrogen fertiliser applied 
2003 Trial sites QA MD MW MU KA NE CS   Overall average 
Yield, t/ha 2.02 2.39 4.1 1.63 2.7 3.04 2.79   2.67 
Protein % 10.5 13.1 11.0 16.0 11.8 10.8 10.5   12.0 
2004 Trial sites QA MD BN MU KA NE GB SC SG  
Yield, t/ha 1.72 1.32 1.77 0.93 1.67 1.95 2.88 2.97 1.15 1.82 
QA:  Quairading;  MD:  Merredin;  MW:  Mingenew;  MU:  Mullewa;  KA:  Katanning;  NE:  Newdegate;  
CS:  Cascade;  BN:  Buntine;  GB:  Gibson;  SC:  Scaddan;  SG:  Salmon Gums 
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The relative cultivar response to fertiliser nitrogen for grain and protein production were measured 
from nil N to 30 kg N and yield or protein per kg of N applied was measured.  Table 2 shows the 
overall relative responsiveness of new wheat cultivars to grain production for each 1 kg N fertiliser 
applied for all 17 experimental sites in 2003 and 2004.  
Table 2. Relative responsiveness of new wheat cultivars to grain production for a kg/ha N applied 
averaged over all four regions (North, Central, Great Southern and the South Coast) 
2003 2004 Overall 
Variety 





Annuello   R 3 R 3 
Calingiri UN 8 M 1 UN 9 
Carnamah R 8 M 9 M 17 
Drysdale   UN 3 UN 3 
EGA Bonnie Rock   UN 3 UN 3 
EGA Castle Rock UN 8   UN 8 
EGA Eagle Rock M 8 M 9 M 17 
GBA Ruby   M 9 M 9 
GBA Sapphire   R 8 R 8 
GBA Shenton   M 7 M 7 
WAWHT2499 R 8 R 9 R 17 
Wyalkatchem R 8 M 9 R 17 
R:  Responsive – increase in grain yield > 6 kg for 1 kg N applied.  M:  Moderate – increase in grain yields 
4-6 kg for 1 kg of N applied.  UN:  Unresponsive – grain yield increase < 4 kg for 1 kg N applied. 
Based on 2003 protein data, EGA Eagle Rock and Carnamah were ranked responsive (R) with 0.7% 
protein increase for initial 30 kg N applied (Table 3).  Similarly Wyalkatchem, WAWHT2499 and EGA 
Eagle Rock were ranked moderate (M) and Calingiri was unresponsive (UN). 
Table 3. Relative responsiveness of new wheat cultivars to grain protein for 30 kg/ha N applied 
averaged over 7 sites in 2003 in North, Central, Great Southern and the South Coast regions 
Variety Calingiri Carnamah EGA Castle Rock 
EGA Eagle 
Rock WAWHT2499 Wyalkatchem 
Responsiveness UN R M R M M 
Protein increase % 0.1 0.7 0.4 0.7 0.4 0.5 
CONCLUSION 
Cultivars responded differently to grain production per unit of N applied in both the above average 
season of 2003 and in the below average season of 2004.  These findings have implications for 
growers to better match new cultivars with fertiliser nitrogen strategies to achieve profitable yield 
responses and target grades. 
KEY WORDS 
new varieties, wheat agronomy, rate of nitrogen, grain yield, protein 
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Agronomic package for EGA Eagle Rock 
Steve Penny, Department of Agriculture, WA; Merredin 
KEY MESSAGES 
Useful attributes of the wheat variety EGA Eagle Rock, released by the Department of Agriculture last 
year, include metribuzin tolerance, triple rust resistance, sprouting and waterlogging tolerances and 
Australian Hard classification.  The variety provides a cheap and flexible option to assist weed 
management for those situations where a lower grain yield would be acceptable. 
YIELD 
EGA Eagle Rock is a medium maturity variety suited to mid-May to mid-June sowings.  In trials 
conducted in 2003 and 2004 the best variety at each of three sowing times consistently yielded 5-15% 
higher than EGA Eagle Rock (Table 1).  Yield decline due to delayed seeding is moderate. 
Table 1. Comparative grain yield (t/ha) of EGA Eagle Rock at different sowing times at four sites in 
2004 
Eradu Mukinbudin Scaddan 
Sowing date 
27/5 11/6 22/6 28/5 10/6 25/6 1/6 16/6 1/7 
EGA Eagle Rock 3.04 2.51 2.35 0.63 0.64 0.46 3.41 2.73 1.93 
Calingiri 3.49 2.50 2.40 0.76 0.71 0.59 3.54 2.65 2.41 
Carnamah 3.15 2.61 2.43 0.77 0.69 0.52 3.42 2.72 2.20 
EGA Bonnie Rock 2.79 3.04 2.69 0.86 0.87 0.59 3.52 2.92 2.14 
Wyalkatchem 3.28 3.08 2.53 0.79 0.74 0.56 3.52 3.14 2.11 
LSD (P = 0.05) 0.58 0.10 0.35 
AGRONOMIC FACTORS 
Crop establishment and seeding depth 
Preliminary measurements indicate that EGA Eagle Rock, like Calingiri and Wyalkatchem, has a short 
coleoptile.  Therefore shallow seeding is recommended.  Alternatively, a higher seed rate will be an 
option if seedbed moisture is marginal. 
Seed rate 
Calculations of the optimum plant populations from trials at Quairading and Nungarin indicate that a 
seed rate higher than Carnamah is desirable for EGA Eagle Rock.  Seed rate decisions should also 
take into account pre-season rainfall, rainfall zone, sowing time and soil type. 
Small grain screenings 
EGA Eagle Rock has a moderate to low propensity to produce small grain, between Carnamah and 
Wyalkatchem. 
Nitrogen response 
Response to applied nitrogen is moderate (average grain yield increase of 8 kg for 1 kg N applied) in 
trials indicating that excessive nitrogen application may not return sufficient economic gains if the yield 
potential is low or if following a legume crop. 
DISEASE RESISTANCE 
EGA Eagle Rock gives higher levels of resistance than Carnamah to all the rusts.  It has good 
resistance to both stem and leaf rust and provides an intermediate level of resistance to stripe rust. 
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Table 2. Disease resistance of EGA Eagle Rock in comparison to established varieties 











EGA Eagle Rock 8 7 5 3 4 3 4 
Calingiri 3 7 4 4 4 4 4 
Carnamah 7 5 4 4 5 3 3 
EGA Bonnie Rock 5 7 3 5 3 3 3 
Wyalkatchem 6/3 7 5 7 3 3 3 
ABIOTIC FACTORS 
Herbicide tolerance 
EGA Eagle Rock has shown no yield penalty from the label rate (200 g/ha) of metribuzin in herbicide 
tolerance trials over a range of soil types.  Refer to accompanying paper by Harmohinder Dhammu for 
full trial results. 
Managing herbicide resistance 
EGA Eagle Rock provides an opportunity for growers to apply metribuzin as a pre-emergent herbicide 
for the suppression of brome grass and other broadleaf weeds.  However, using metribuzin in EGA 
Eagle Rock grown in rotation with lupins or canola, is not a recommended practice.  Metribuzin is very 
closely related to the triazine herbicides.  Growing EGA Eagle Rock with metribuzin in rotation with 
canola or lupins with simazine/atrazine increases the risk of the development of herbicide resistant 
weeds such as wild radish.  EGA Eagle Rock will be an excellent option for growers who use little or 
no triazine/metribuzin in their current rotation.  Where growers choose to use metribuzin in the wheat 
phase they are encouraged to consider options for destroying surviving weed seeds at harvest and/or 
grow lupins/canola less frequently than every second year.  Growers who do use metribuzin 
pre-sowing of EGA Eagle Rock should consider applying a different mode of action herbicide 
post-emergence to kill any resistant individuals that may have survived metribuzin. 
Sprouting tolerance 
EGA Eagle Rock has consistently shown high falling numbers in all experiments, including those 
conducted on the south coast in 2003. 
Waterlogging tolerance 
EGA Eagle Rock has yielded 30% higher than Wyalkatchem and Carnamah in waterlogged conditions 
on the south coast in 2003. 
Black point 
Limited data suggest that EGA Eagle Rock could be moderately susceptible to black point.  Trial data 
from Mingenew resulted in EGA Eagle Rock having intermediate levels of black point (between EGA 
Bonnie Rock and Westonia) with mid-May sowing.  EGA Bonnie Rock provides better tolerance to 
black point than either EGA Eagle Rock or Carnamah, but bear in mind it has a poorer level of stripe 
rust resistance. 
CONCLUSION 
Because of it’s metribuzin tolerance EGA Eagle Rock is best suited for paddocks where weeds like 
barley grass and brome grass pose a serious weed problem.  Valuable levels of rust resistance, 
sprouting and waterlogging tolerances may make it a more profitable variety than higher yielding 
varieties in particular situations. 
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Field evaluation of eastern and western wheats in 
large-scale farmer’s trials 
Mohammad Amjad, Ben Curtis and Veronika Reck, Department of Agriculture, 
WA; Esperance 
KEY MESSAGES 
• 2004 was a challenging year with late break followed by a series of devastating events of 
disease (stripe rust), frost (in some areas), dry finishing conditions resulting in quick harvest as 
crops were dying off.  
• Grain yields were generally below average to average depending on the environment.  Short 
season, early maturity varieties (e.g. Wyalkatchem, H45) generally yielded higher compared to 
long season varieties (e.g. Braewood). 
• In 2005, growers could spread risk by growing a mix of varieties with different maturities, 
disease resistance and weather damage tolerance.  Best variety options for the 2005 seasons 
are: 
? GBA Sapphire for wider adaptation across coastal sandplain and inland mallee soils.  
? H46, and Annuello for low to medium rainfall mallee and transitional mallee soils (alkaline 
to slightly acid soils). 
? Sunvale and Ventura are looking promising varieties for coastal sandplain in sprouting-
prone areas (neutral to acid soils).  Sunelg and Cascades also performed quite well in 
2004. 
? Wyalkatchem, GBA Ruby, WAWHT2499 have yielded well however they are susceptible 
to low falling numbers and sprouting.   
AIMS 
The aim was to test and evaluate suitability of new wheat varieties and potential crossbreds from 
Eastern States and to compare their performance with WA varieties in the south coast environment.  
METHOD 
Fourteen large-scale wheat variety trials were conducted during 2004 in collaboration with the South 
East Premium Wheatgrowers Association (SEPWA) throughout the Esperance port zone.  Over 30 
new wheat varieties and promising cross-breds from all over Australia were sown using the nearest 
neighbour layout with a control or check variety grown in every third plot on each site.  The control 
variety was generally the variety grown by the farmer in the trial paddock.  All trials were sown, 
managed and harvested with commercial practices and equipment.  Trials were monitored for weeds 
and diseases during the growing season.  Farmer’s experience and field observations about crop 
growth, diseases, lodging, head losses, harvestability and threshability of new varieties were also 
collected and recorded. 
RESULTS 
The 2004 season started late and the wheat was generally sown from early June, followed by a series 
of devastating events including disease (stripe rust), frost (in some areas), and lack of rain in October 
during grain filling.  These conditions placed a lot of pressure on the performance of many varieties.  
All 14 trials were harvested and the grain yields were generally below average to average depending 
on the environment.  Yields averaged around 2.6 t/ha on sandplain soils (Gibson, Coomalbidgeup, 
and Jerdacuttup), 2.5 t/ha on the transitional mallee soils (Mt Madden, Beaumont, Wittenoom Hills and 
Scaddan) 1.2 t/ha on the mallee soils (Jerramungup, Ravensthorpe, Cascade and Salmon Gums).  
Protein and screenings were generally high for most varieties.  Table 1 shows the relative grain yield 
of 30 varieties relative to EGA Castle Rock on the three soils.  Screenings and protein data are 
displayed on the SEPWA website:  www.sepwa.org.au. 
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Table 1. 2004 Grain yields relative to EGA Castle Rock in large scale trials on the south coast 
Soil type Sandplain Transitional Mallee Mallee 
(3 trials) (5 trials) (6 trials) 












1 Annuello   106 2 105 4 
2 Braewood 92 1 95 4 89 6 
3 Carnamah     108 1 
4 Cascades 109 1   108 1 
5 Drysdale 96 1 77 2 96 6 
6 EGA Bonnie Rock 109 1     
7 EGA Castle Rock 100 3 100 3 100 4 
8 EGA Wedgetail 113 2 62 1 52 2 
9 Ellison   85 4 90 4 
10 GBA Hunter 83 1 128 1   
11 GBA RUBY   107 3 110 4 
12 GBA Sapphire 129 3 112 3 107 2 
13 GBA Shenton 101 2 87 3 98 4 
14 GBA009H   129 2   
15 GBA009S   91 2   
16 GBA134 131 1   100 1 
17 H45   116 2   
18 H46 91 2 121 4 102 4 
19 Janz   103 1   
20 Kukri     108 1 
21 Marombi 117 2 57 3 65 2 
22 Mitre   106 1   
23 RAC1105     113 1 
24 RAC1128   106 1   
25 Rees  64 1 85 5 58 3 
26 Sunelg 109 1   108 1 
27 Sunvale 126 2 70 1 90 4 
28 Tensor  81 2 94 3 81 3 
29 Ventura 109 3 75 1 101 4 
30 WAWHT2499 105 2 130 3 102 5 
31 Wyalkatchem   109 2 108 2 
 Average yield (t/ha) 2.6  2.5  1.2  
CONCLUSION 
Some of new eastern and western wheat varieties field tested in 2004 look promising and could have 
wide adaptation in the south coast environment.  In 2005, growers should choose 2 or 3 varieties with 
different maturities, disease resistance and grain quality characteristics to spread their risks. 
KEY WORDS 
grain yield, new varieties, SEPWA trials 
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New wheat varieties for a changing environment 
Richard Richards, CSIRO Plant Industry; Canberra 
KEY MESSAGES 
Novel sources of disease resistance and new yield enhancing traits are being used in wheat breeding 
programs to develop more robust and higher yielding wheats for WA.  A number of elite lines are in 
advanced stages of testing before commercial release. 
BACKGROUND 
Australian wheat breeding is undergoing substantial change.  National breeding efforts are now largely 
controlled by private breeding companies.  Biotechnology is also beginning to make an impact, 
particularly in the way that molecular markers are routinely used in breeding programs.  These 
improve the efficiency of the selection for specific characteristics.   
How will wheats released in the next five to ten years differ from those currently grown?  We are 
learning more about the conditions in which wheat is grown and so are developing a more precise 
understanding of factors that limit productivity.  These factors may influence above- or below-ground 
growth and can include availability of water, soil nutrients/toxicities and the presence of leaf/root 
diseases.  To capitalise on our improved understanding the time is now right to target genes aimed at 
overcoming these limitations and to be more adventurous in using new traits/genes which can be 
introduced through breeding. 
CSIRO are involved in two breeding programs for bread wheat.  Both are national and both have a 
significant presence in Western Australia.  The first comes under the Graingene banner.  Graingene is 
a joint venture between CSIRO, the GRDC, AWB Ltd and Syngenta.  The goal of the Graingene 
program is to deliver leading edge plant science into products and commercial outcomes for grain 
growers.  The main focus for Graingene germplasm is the traditional cereal growing regions.  Two 
recent products from Graingene are the wheat varieties Drysdale and Rees.  Both are marketed by 
AWB Seeds.  These varieties incorporate a novel trait which makes them more water use efficient.   
The second CSIRO wheat breeding program is focused on developing new wheats for the high rainfall 
zones of Australia.  CSIRO was one of the pioneers in the development of dual-purpose wheats for the 
high rainfall zones in Eastern Australia.  These are wheats that can be sown between February and 
June.  If they are sown before the beginning of May they can be grazed by livestock during winter and 
then a grain crop can be harvested in December.  If they are sown after the beginning of May then 
they are grown for grain.  Dual-purpose wheats are proving very profitable in eastern Australia 
because of the additional income derived from grazing sheep or cattle.  Often there is no grain yield 
penalty after grazing.  CSIRO through its AUSGRAINZ partnership has recently expanded the work in 
the high rainfall zones of Australia.  AUSGRAINZ is an alliance between CSIRO Plant Industry and 
New Zealand Crop and Food Research.  With Export Grain Centre Ltd, it has formed the company 
HRZ Wheats Pty Ltd, which is chartered to breed and commercialise high-yielding, disease-resistant, 
quality wheat varieties for the high rainfall zones of Australia.  It combines the expertise on wheat 
breeding at CSIRO with germplasm specifically developed in the high rainfall zone in New Zealand.  In 
addition, New Zealand Crop and Food Research also provides AUSGRAINZ access to extensive 
germplasm from both the northern and southern hemisphere breeding programs that has been 
evaluated in New Zealand. 
GRAINGENE 
The aims of the research in Graingene are to improve yield, disease resistance and grain quality of 
Australian wheats.  Some of the traits being targeted in Graingene projects to improve yield are: 
• Greater transpiration efficiency to produce more biomass and yield per unit of rainfall. 
• More vigorous early growth to reduce water lost from the soil surface by direct evaporation and 
also to reduce herbicide use.   
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• Longer coleoptiles to improve establishment and emergence if seeds are sown deep or there is 
a large amount of stubble. 
• Greater carbohydrate storage in the stem around flowering to transfer to the grain to reduce 
screenings and for drought protection. 
• Reduction of later formed tillers, which usually die, to concentrate resources into the primary 
tillers 
Each or combinations of these traits are being introduced into Australian varieties for each of the main 
cropping zones.  Parental germplasm with extreme expression of these trials are sourced from 
overseas or from within Australia.  Then, using a limited backcrossing procedure and molecular 
markers, we combine these traits with good disease resistance and incorporate them into elite 
Australian wheat varieties.  In most instances, none of the traits mentioned above have good 
expression in current varieties and so specific selection of parental lines is important to identify lines 
for breeding.  Germplasm developed in Graingene is released as fixed lines which are then trialled by 
LongReach Plant Breeders. 
LongReach Plant Breeders is a new and innovative wheat breeding company that has extensive 
testing sites around Australia.  There is now a pipeline of lines from Graingene being tested in the 
Longreach Program and some are at the final stages of testing. 
WHEATS FOR THE HIGH RAINFALL ZONES 
There are four germplasm streams in the HRZ Wheats Pty Ltd wheat breeding program.   
• Stream 1:  Elite lines that have been bred in New Zealand and selected under extreme disease 
pressure particularly for leaf and stripe rust, and also for yield potential and grain 
quality.  These are introduced into Australia through a quarantine nursery in 
Canberra and then selected lines immediately go to the high rainfall zones of 
Australia for more thorough evaluation. 
• Stream 2:  To introduce Barley Yellow Dwarf Virus (BYDV) resistance into Australian wheats.  
BYDV resistance is found on a segment of a chromosome of a wild grass that has 
been introduced into wheat using conventional breeding by CSIRO.  CSIRO has 
recently released the dual-purpose feed wheat, Mackellar, which has resistance to 
BYDV and typically yields 20% more than other varieties in high rainfall zones in 
eastern Australia.  A new wheat line with BYDV resistance and very good grain 
quality will be evaluated in the wetter regions of Western Australia in 2005 for 
possible release. 
• Stream 3:  Dual purpose wheats – wheats that can be grazed during the winter when feed is 
short and the grain harvested as well.  These will have milling quality and will 
complement the dual-purpose feed wheats.  The parental lines are primarily derived 
from European sources and elite lines have high yield potential and excellent 
disease resistance.   
• Stream 4:  Introducing longer coleoptile and/or reduced tillering into dual-purpose wheats for the 
high rainfall zones. 
KEY WORDS 
wheat breeding, high rainfall zones, water use efficiency 
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Farmers can profitably minimise exposure to frost! 
Garren Knell, Steve Curtin and David Sermon, ConsultAg; Narrogin, Lake Grace 
and Perth 
KEY MESSAGES 
• It is important to know the frost risk of individual paddocks and the whole farm. 
• With clever planing before seeding farmers can minimise their exposure to frost with minimal 
opportunity cost. 
AIM 
To provide agronomic tools and strategies to assist growers to better manage their exposure to frost. 
METHOD 
In 2002 we developed a list of best bet strategies that were likely to assist with minimising the 
exposure of cereals to frost.  We have since carried out three years of research to test these 
strategies. 
Our trials have been located at Borden, Varley, Ongerup and Pingrup.  This large spread in locations 
maximises our chance of receiving a frost event in any given year and provides greater extension 
opportunities.  The trial sites selected have all been identified as frost prone sites and are typically 
white sandy surfaced soils over 30 cm of yellow sand to clay.  We used farmer scale machinery to 
seed the trials so that the thermodynamics in the large plots best mimic a commercial crop.  
Each site is equipped with a weather station and temperature probes to measure ground, canopy, 
head and screen height temperatures in the crop. 
RESULTS 
ConsultAg has developed eight best bet strategies to help you work with farmer clients to minimise 
their exposure to frost.  These strategies are based on theory and backed up with trial data where 
possible.  We encourage farmers to identify high frost risk paddocks and to consider adopting some of 
these strategies on the higher risk paddocks. 
Option 1  –  Don’t aim for maximum production 
Don’t aim for maximum yield on frost prone paddocks.  Sow later, use lower seed rates (e.g. 60-70 kg) 
in addition to conservative phosphate (8-10 kg P) and nitrogen rates (30-40 kg N).  Inputs should be 
matched to average actual yield on frost prone paddocks.  Frost prone soils are often quite forgiving 
and the opportunity cost (in the absence of frost) for being conservative on inputs is often quite small. 
Using conservative inputs on these paddocks minimises your financial exposure and drastically 
increases profit. Inputs saved on frost prone paddocks are better invested on lower risk paddocks. 
Option 2  –  Select more tolerant species and varieties 
The shorter season WA wheats (e.g. Carnamah, Westonia and Wyalkatchem) appear to be more frost 
prone than longer season Eastern States varieties (e.g. Yitpi and Stiletto).  This is mainly due to the 
shorter season length but other traits may also increase their vulnerability, such as open heads, large 
awns, broad flag leaf and rapid head emergence when under stress or high nitrogen supply. 
Barley is inherently 2oC more tolerant to frost than wheat.  The new long season, high yielding malt 
barley varieties generate similar returns to wheat and provide a viable alternative on frost prone sites.  
Oats are the most frost tolerant crop.  Unfortunately it is difficult to achieve competitive gross margins 
from growing oats in the central and eastern wheat belt. 
Option 3 –  Don’t sow cereals on wide rows to minimise frost 
Trial results on two sites over two years have shown that sowing on wide rows (25 cm versus 50 cm) 
does not reduce frost damage and it usually incurs a 10-12% yield penalty (see Figure 1).  These trial 
sites have been on sandy soils, a different result may occur on dark coloured heavy textured soils.  
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Option 4  –  Blending wheats hedges your bets 
Blending Yitpi (long season) with Wyalkatchem (short season) halved the level of frost damage 
compared to pure Wyalkatchem (Figure 1).  Wyalkatchem received 20% frost damage sown on its 
own or in a Yitpi blend.  In 2003, Yitpi only received 1-2% frost damage.  In retrospect, Yitpi would 
have been the variety of choice.  If a late frost had occurred, Yitpi could have been severely effected. 
Option 5  –  Ensure potassium supply is adequate 
Potassium plays a role in plant cell turgor and cell strength, which may explain why anecdotal 
evidence suggests crops deficient in potash are more susceptible to frost than crops with adequate 
potash supply.  We have no evidence indicating that luxury levels of potash will increase tolerance. 
Option 6  –  Consider removing stubbles on heavy soil paddocks 
Retaining stubbles can accentuate the severity of frost by insulating the soil and reducing the amount 
of heat released.  The addition of 4 t/ha of straw on sandy soil has reduced the canopy and head 
temperature during a frost by 0.6 and 0.5oC (Figure 2).  We expect this difference to be more extreme 
on darker loamy soils which have the ability to absorb more heat than white sandy surfaced soils.   
 
Figure 1. Figure 2. 
Option 7  –  Consider claying sandy surfaced soils 
Claying sandy surfaced soils has been shown to reduce frost damage by 23% (Rebbeck 2003).  This 
is thought to work by darkening the soil surface and increasing the amount of water held on the soil 
surface so that more heat is absorbed in the day and released at night. 
Option 8  –  Avoid applying late nitrogen 
Applying nitrogen to crops late in the season (F-1 to Z 39) is likely to increase a crops susceptibility to 
frost.  Carbohydrate stored in the stems is mobilised to the root system when the plant takes up 
nitrogen.  Lowering the carbohydrate levels in the stem is thought to raise the freezing point of plant 
tissue.  Trials will be designed for 2005 to investigate this. 
CONCLUSION 
Farmers can reduce their exposure to frost by identifying frost prone paddocks and developing a frost 
minimisation plan (pre seeding) which utilises some of the above strategies that suit their situation. 
KEY WORDS 
frost, wheat, row spacing, canopy temperature 
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National Variety Trials 
Alan Bedggood, Australian Crops Accreditation System; Horsham 
The National Variety Trials are coming.  These will allow a wide evaluation of new and potential new 
varieties across all cropping regions targeted.  The ACAS database will capture and store all 
information and be accessible according to user status, e.g. grower, advisor, trials manager, breeder, 
etc. 
The aim of National Variety Trials (NVT) is to generate information on new varieties for growers.  This 
is a change in focus from the previous Crop Variety Trials (CVT) that were mostly run by the 
Agricultural Departments in each State.  These CVT trials were used by the public breeders to release 
new varieties and to test some of the newly released varieties from interstate. 
The commercial focus of the breeding programs and the introduction of non-government supported 
breeding programs have led GRDC to the development of the NVT concept.  It was also recognised by 
GRDC that ACAS was the best vehicle to capture and make available the information to growers and 
advisors.   
As its name suggests, ACAS (Australian Crops Accreditation System) was initially established to 
develop protocols for the collection of information supporting the release of new varieties.  If the 
protocols associated were met, then that data would be accredited.  These protocols were developed 
for each crop by 1999-2000. 
In 2000, ACAS became a limited company with an established board of management.  It was given 
the task to collect all of the available information from the CVT trials from across the country.  This was 
then to be packaged and made available to all growers and advisors. 
Progress was made with the release of the Variety Selector, a CD based version that was released at 
the GRDC Advisor Updates in 2003.  However, information was hard to get from each of the States 
and the available information was in quite different formats.   
GRDC has now initiated a new NVT trialing system so ACAS has used the opportunity to develop a 
computer package that will facilitate the trial management process (creating trials, producing field 
books and labels) and well as being a data storage and retrieval program.  As all NVT trial managers 
will be using the one database, the data will be centralised, in the same format and be made more 
easily available and reportable to growers and advisors. 
With both the trial manager 
and the grower or advisor 
being on line to a central 
computer, the information 
collected will become more 
timely available for inspection 
once collected. 
ACAS has appointed a 
General Manager to oversee 
the implementation and 
continued development of the 
NVT system.  Alan Bedggood’s 
role is to be the conduit of 
information between the 
breeders and the trial providers 
as well as ensuring 
independence and quality 
assurance of the information 
collected. 
Contact with Alan is best by 





























Figure 1.  Framework. 
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Preharvest-sprouting tolerance of wheat in the field 
T.B. Biddulph1, T.L. Setter2, J.A. Plummer1 and D.J. Mares3; 1Plant Biology; 
FNAS, University of Western Australia; Crawley;  2Department of Agriculture, WA; 
South Perth;  3School of Agriculture and Wine, University of Adelaide; Glen Osmond 
KEY MESSAGES 
Seed dormancy is the main component of sprouting tolerance targeted by breeders and physiologists.  
However, the only true measure of preharvest sprouting tolerance is the ability of a cultivar to maintain 
grain quality with natural rainfall in the field. 
AIMS 
The aim of this experiment was to test whether higher seed dormancy would provide a higher falling 
number for longer when exposed to natural weathering in grain grown under Western Australian 
environmental conditions. 
METHOD 
Nine white seeded spring wheat cultivars from Western Australia and four cultivars commonly used as 
preharvest sprouting standards were evaluated in Katanning (low probability of post maturity rainfall) 
and Esperance (high probability of post maturity rainfall) Western Australia in 2003/04.  Seed 
dormancy was evaluated at physiological maturity using germination tests (Figure 1) and a weighted 
germination index was calculated as in equation 1, where n = number germinated on that day.  
Preharvest-sprouting tolerance was evaluated after exposure to natural field weathering using the 
falling number test. 
GI = (7.n1 + 6.n2 + 5.n3 + 4.n4 + 3.n5 + 2.n6 + 1.n7)/(no of test days x number of grains tested) (1) 
RESULTS 
It rained after maturity in Esperance but not in Katanning.  Falling number declined in Hartog, Janz, 
EGA Castle Rock and Cascades but not DM2001, AUS1408, Camm, Stiletto, CLR Stiletto, EGA Eagle 
Rock and Sunlin when exposed to rainfall after maturity.  Dormant varieties had a higher falling 
number for longer than non-dormant varieties (Figure 1 and Table 1).  Weather affected (WA) grains 
(mould + black point) varied between genotypes with Cascades, CLR Stiletto and EGA Eagle Rock 











































Figure 1. Decline in falling number(s) for sprouting tolerant standard cultivars when grown in 
Esperance, relative to daily rainfall (mm). Values are means of three observations, with LSD0.05 
as the vertical bar.  ASW min and General Purpose min are the minimum falling number 
required for these receival standards. 
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Table 1. Mean germination index (GI), falling number and number of weather-affected (WA) grains 
(mould + black point) for eleven cultivars grown at Esperance and Katanning 2003/04 
Cultivar GI Falling number 5 February 2004 WA 
Sprouting tolerant standards Esperance Katanning Esperance 
Hartog 0.76 193 518 28 
Janz 0.73 240 463 37 
DM2001 0.39 436 495 52 
AUS1408 0.39 498 535 44 
Commercial cultivars 
EGA Castle Rock 0.73 259 461 38 
Cascades 0.67 289 470 19 
Camm 0.75 359 514 27 
Stiletto 0.66 410 519 31 
CLR Stiletto 0.63 432 516 19 
EGA Eagle Rock 0.75 439 492 19 
Sunlin 0.51 460 520 29 
LSD0.05 0.28 70 41 15 
CONCLUSION 
Rankings of sprouting tolerance standard cultivars are similar to those of interstate experiments.  
Where preharvest sprouting occurred a greater seed dormancy led to a higher falling number for 
longer in Esperance.  These results are evidence that selection for higher seed dormancy should 
result in usable sprouting tolerance from a farmer’s perspective at the paddock level, particularly the 
recently released EGA Eagle Rock which combines sprouting tolerance and disease resistance. 
KEY WORDS 
preharvest-sprouting, germination, seed dormancy, falling number, grain quality, weather affected 
grains 
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Waterlogging induces high concentration of Mn and 
Al in wheat genotypes in acidic soils  
H. Khabaz-Saberi1, T. Setter1, I. Waters1 and G. McDonald, Department of 
Agriculture, WA; 1South Perth and 2Katanning 
KEY MESSAGES 
Waterlogging induces high tissue concentrations of Al, Mn, Fe and also N deficiency in wheat 
genotypes grown in acidic soil, and its severity varies in different soils. Accumulation of these 
elements during waterlogging is correlating with a reduction of shoot dry weight in acidic soils prone to 
waterlogging from Western Australia. The magnitude of this loss was quantified by elucidation of the 
constraints by a pH change (lime) and nitrogen spray which were shown to be around 38% of 
aboveground biomass after recovery. Genetic solution to waterlogging problems by combining 
enhanced tolerance to Al, Mn and anoxia into current wheat cultivars will address the problem more 
efficiently and complement agronomic approaches. 
AIM 
Preliminary aim of this study was characterisation of major confounding edaphic factors which wheat 
genotypes experience under waterlogging and avoiding them while screening for waterlogging 
tolerance. Accentuated accumulation of Al, Mn and Fe in plant (shoot of wheat genotypes) and soil 
(acidic soil) were observed under waterlogging as a confounding factor in screening genotypes for 
waterlogging tolerance. This observation supported further in a study aimed to examine this 
phenomenon in a wider range of acidic soils prone to waterlogging in Western Australia.  
Quantification of adverse effect of the accumulation of Al, Mn, Fe and induced N deficiency under 
waterlogged acidic soil was another aim which was accomplished by a combined application of pre-
sowing lime and N spray during waterlogging.  
Examining “whether an individual or combined tolerances to Mn, Fe and Al toxicity improves 
waterlogging tolerance in acidic soils “ and a genetic solution to the constraint aimed to improve wheat 
productivity under waterlogged acidic soil is concurrently in progress.  
METHOD 
Four wheat (Triticum aestivum L. cv.) varieties (Brookton, Cascades, Westonia and Camm) from 
Western Australia and four reputed waterlogging tolerant varieties (Chara, Ducula-4, HD2329 and 
Savannah) were selected and grown in pots. Experiments were carried out under either controlled or 
semi-controlled environmental condition at the Department of Agriculture, Western Australia.  
Pots were made from polyvinyl chloride (PVC) tubes fitted with a PVC base. The pots contained either 
an acidic sand from a sandy duplex soil from Holly Siding, Katanning, southern Western Australia 
alone or in combination with six other acidic soils from waterlogging prone areas (GASARI, GASARI 
subsoil, Esperance, 2 South Stirling experimental sites and Mount Barker) of western Australia. 
Adequate nutrients were added to each pot and mixed through the soil prior to planting.  
Treatments were imposed when plants were 21 days old, at which time roots had reached the bottom 
of the pots. Waterlogging continued up to 49 days where genotypic variation for waterlogging was 
clearly distinguished visually and later on a shoot dry weight basis. Recovery treatment was employed 
by growing genotype(s) from 21 days after cessation of waterlogging up to physiological maturity.  
Pre-sowing lime was added at rate of 1500 kg/ha to top 15 cm and I% urea was used in spray of 
nitrogen in experiment that aimed to quantify combined effects of nutrient imbalance.  
Plants were harvested either at 70 days after seeding (49 days of water logging), or after recovery 
separated into shoot and roots (seminal and nodal) dried at 75ºC for three days, weighted and relative 
shoot dry weight as a measure of waterlogging tolerance calculated as: [100] [(shoot dry weight at 
waterlogging condition)/(shoot dry weight at drained control)]. A representative shoot sample was also 
prepared dried at 85ºC and digested in 70% nitric acid prior to analysis for determination of mineral 
nutrients by ICPAES. Soil samples were chemically analysed during different event of waterlogging. 
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RESULTS 
A 2 to 10-fold increase in concentrations of shoot Mn, Al and Fe of six wheat genotypes was observed 
under waterlogged compared to drained plants in a duplex soil from Western Australia under 
controlled environmental condition (Figure 1A-C). Concurrently, shoot nitrogen concentration was 
observed to be at deficient levels (Figure 1D). Study of the same soil (Yaduvnshi, 2003) indicated a 




Figure 1.  Shoot Mn (A), Al (B), Fe (C) and N (D) concentration of six wheat genotypes 70 days after 
sowing and 49 days of waterlogging (21 days of initial growth) compared to non-waterlogged 
control. Plant s were grown in an acidic duplex soil from Holly Siding, Katanning, southern 
Western Australia and under controlled environmental condition. Data are mean of three 
replicates + SE. 
 
Above-mentioned observations were further supported in a study of two wheat genotypes in seven 
acidic soils from Western Australia prone to waterlogging by monitoring the change in chemical 
composition of plant and soil under waterlogging compared to drained under semi-controlled 
environmental condition. A negative correlation between shoot dry weight and tissue concentration of 
Al and Fe, (0.92 and 0.81 respectively), was observed.  
The potential adverse effect of a build up of high concentration of trace elements and deficient nutrient 
(N) on crop growth during waterlogging and recovery was quantified by a combined addition of pre-
sowing lime to soil and foliar spray of nitrogen to seedling during waterlogging. It contributed to 38% 
loss in overground biomass compared to waterlogged treatment received both N spray and lime while 
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Figure 2. Interaction of lime (1500kg/ha), nitrogen (1% urea spray) and waterlogging on shoot dry 
weight (gr/pot) of wheat variety (Cascades) 91 day after sowing (21 days of initial growth, 49 
days of waterlogging and 21 days of recovery) compared to drained control. Plant were grown 
in an acidic duplex soil from Holly Siding, Katanning, southern Western Australia and under 
controlled environmental condition. Error bars represent SE of three replicates. 
CONCLUSIONS 
Tolerance to waterlogging is not only related to tolerance to either hypoxia or anoxia, but also 
tolerance to concurrent constraints of nutrient imbalance especially under acidic soils. The severity of 
this imbalance differs with soil types, and the ability of a genotype to withstand these combined 
changes seems to determine its overall performance under waterlogging. 
Results indicate an association between built up of these trace elements in acidic soils under 
waterlogging, their uptake by the plant and a consequent 38% loss of biomass after recovery from a 
waterlogging stress. These observations reveals also importance and the need for an enhanced 
tolerance to Al, Mn, Fe and an improved waterlogging tolerance in acidic soils. This hypothesis needs 
to be further examined, and experiments are in progress.  A genetic solution to the problem based on 
incorporation of enhanced Al and Mn tolerance into current wheat cultivars has concurrently been in 
progress and its continuation is warranted. 
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Agronomic responses of new wheat varieties in the 
Northern Agricultural Region 
Christine M. Zaicou-Kunesch and Wal Anderson, Department of Agriculture, WA; 
Geraldton and Albany 
KEY MESSAGES 
Wyalkatchem has continued to perform very well in the northern agricultural region in 2004.  In the 
Mullewa region, EGA Bonnie Rock was the highest yielding AHard variety with 26 May and 10 June 
sowings. 
The optimum seed rate of EGA Eagle Rock appears to be higher than for Carnamah based on studies 
in 2003 and 2004. 
AIMS 
Provide guidelines on agronomic management in the northern agricultural region for new wheat 
varieties and cross-breds from Western Australia and the Eastern States.  
METHOD 
Field based agronomy trials in 2004 were located on yellow sandplain at Eradu and sandy loam or 
clay loam at Mullewa.  Response to sowing time was based on experiments using two (Mullewa) or 
three (Eradu) sowing times, late May (26th or 27th), early June (10th or 11th) and late June (22nd).  
Twenty two cultivars from WA and elsewhere were sown at each time of sowing.   
A subset of 6 wheat varieties (Buntine) and 9 wheat varieties (Mullewa) was also tested for seed rate 
and nitrogen response.  Varieties were sown at 3 seed rates (target plant populations of 50, 100, 
200 plants/m2) and 4 nitrogen rates (nil, 30, 60, 120 kg N/ha) at sowing.  A basal phosphate fertiliser 
was applied.  Nitrogen (N) response as used here is the change in yield between nil and the first N 
rate used.  Response to seed rate was assessed as the estimated optimum plant population.  Average 
seed size, and estimated field establishment were used in calculating seed rates.  Optimum plant 
population is estimated as the point on the yield response curve where yield increased 2.5 kg/ha for 
each additional 1 plant/m2.  It is the minimum population (or seed rate) required under good conditions 
in a weed free environment.  
RESULTS AND CONCLUSIONS 
Time of sowing 
At Eradu in 2004, growing season rainfall from May to October was 315 mm.  Well-managed crops 
with this rainfall should yield about 3.9 t/ha ([GSRF-50] x 15).  However, delaying seeding will reduce 
the yield potential.  With a May 27 sowing, Calingiri, WAWHT 2524, Wyalkatchem, GBAH99-9AH, 
Spear, Carnamah were the top 6 yielding varieties.  Yields ranged from 3.5 to 3.2 t/ha.  Wyalkatchem, 
WAWHT 2524, EGA Bonnie Rock, GBA Ruby, WAWHT 2499 and Westonia were the top 6 yielding 
varieties when sown on 11 June.  Yields ranged from 3.08 to 2.88 t/ha.  If sowing had to be delayed 
until 22 June on the sandplain, WAWHT 2524, EGA Bonnie Rock, GBA Ruby, Spear, Westonia and 
Wyalkatchem were the top 6 yielding varieties.  Yields ranged from 2.7 to 2.5 t/ha.  EGA Eagle Rock 
performed reasonably well with the late May sowing.  It’s metribuzin tolerance may be useful to 
growers for brome grass management. 
At Mullewa in 2004, EGA Bonnie Rock was the highest yielding A.Hard wheat with a 26 May or 
11 June sowing.  Wyalkatchem and Drysdale (CSIRO variety) were the highest yielding APW’s with 
good grain quality with a 26 May sowing.  Frost or the dry season affected quality of many of the other 
varieties (GSR = 203.5 mm; Decile 2).  The yield and quality of many of the APW wheats sown on 
11 June was very good possibly due to reduced frost risk and late rains which helped fill the grain. 
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Seed rate 
At Mullewa in 2004, the optimum plant population of varieties corresponded with the minimum seed 
rate used because grain yield declined slightly with increasing seed rate.  This response was very 
similar to the study conducted in 2003 at Mullewa.  Based on all our experiments for optimum plant 
density, EGA Eagle Rock appears to have a higher seed rate requirement than for the other varieties 
(Table 1).  The populations in Table 1 correspond to minimum seed rates of about 25 kg/ha (Drysdale) 
to about 45 kg/ha (EGA Eagle Rock).  Growers should consider the effect of increasing seeding rates 
on weed competition when considering seeding rates for agronomic performance.  However, in drier 
seasons without summer rain and reduced yield potential, the competitive effect of a higher seed rate 
may be reduced.  When seasonal conditions are better the seed rate can be increased by about 
20 kg/ha for every tonne of targeted yield (i.e. about 45 kg/ha for a low responder to about 65 kg/ha for 
a responsive variety if the yield target is 2 t/ha). 
Table 1. Average optimum plant density (plants/m2) of 11 varieties based on trials conducted in the 
northern agricultural region in 2003 and 2004 
Optimum plant density (plants/m2) 
Calingiri 72 GBA Ruby 57 
Carnamah 63 GBA Sapphire 50 
Drysdale 53 GBA Shenton 72 
EGA Bonnie Rock 56 WAWHT2499 61 
EGA Castle Rock 63 Wyalkatchem 77 
EGA Eagle Rock 92   
2003 grain  
yields (t/ha) 
MI:   3.5 
MW: 1.8 
2004 grain  
yields (t/ha) 
BU:  1.8 
MW: 1.0 
Nitrogen rate 
At Mullewa in 2004, wheat grain yields were not responsive to increasing nitrogen (topdressed at 
seeding) from 0 to 120 kg/ha.  This may be due to residual nitrogen from a dry season at Mullewa in 
2003.  However, the main effect of nitrogen application was an increase in grain protein from 15% to 
15.8%. 
KEY WORDS 
new varieties, wheat agronomy, crop management, seed rates 
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Agronomic responses of new wheat varieties in the 
Central Agricultural Region of WA 
Darshan Sharma, Steve Penny and Wal Anderson, Department of Agriculture, WA; 
Northam, Merredin and Albany 
KEY MESSAGES 
A wide range of new varieties is available to growers and selection should be made only after 
considering a range of factors including grain yield, grain protein, and disease resistances. 
Drysdale, Wyalkatchem, EGA Bonnie Rock and WAWHT2499 (to be released at Crop Updates) were 
the top performers in 2004 on the basis of yield and gross margin. 
EGA Eagle Rock, Wyalkatchem and Calingiri should be sown shallow if possible as they have short 
coleoptiles; alternatively a higher seed rate should be used. 
Available data suggested that Drysdale will need a higher seed rate under high yielding situations for 
optimal performance. 
WAWHT2524 (possible release in 2005) consistently achieved high grain yield and grain protein thus 
returning high dollars despite lower segregation (ASW); hence worth watching in 2005. 
Flowering date and frost risk predictions for given seeding dates after April at given locations in the 
regions will be available from the authors for most varieties listed in this paper. 
AIMS 
To highlight the performance of new wheat varieties at different times of sowing; to optimise the level 
of seed and nitrogen inputs and; to identify specific risks/opportunities with new varieties in the central 
agricultural region of WA. 
METHOD 
Three Cultivar x Time of sowing experiments involving 32 varieties and two Cultivar x Plant population 
x Applied N experiments involving 9 varieties were conducted.  Varieties for trials were included on the 
basis of preliminary information available and effort was made to consider all breeding sources 
including interstate and private companies.  The first time of sowing was completed as soon as 
possible after suitable sowing conditions were evident.  Subsequent times of sowing were separated 
by around two weeks.  Three times of sowing were conducted at Mukinbudin and Quairading and two 
at Avondale. Plant density levels were 50, 100 and 200 plants/m2 while applied N levels were 0, 30, 60 
and 120 kg N/ha.  All but one trial were conducted at growers’ properties. Soil type and rotation in the 
low rainfall (Mukinbudin) was clay loam after pulses and sandy duplex after lupins in the medium 
rainfall (Quairading).  The crop phenology experiment to predict flowering dates was conducted under 
irrigated conditions at four sowing times starting from 29 April going to 13 July.  Data were collected on 
plant growth, yield components, grain yield and grain quality and were analysed using Genstat. 
RESULTS 
The season broke towards the end of May but at some locations the first time of sowing was not 
conducted before the first week of June.  Growing conditions were average until about middle of the 
season with light falls of rain at regular intervals.  Both the grain yield level and grain yield decline per 
day were low. 
At the low rainfall site, Drysdale, EGA Bonnie Rock, WAWHT2499 and WAWHT2524 and Westonia 
occupied the top significant group for yield (all varieties not statistically lower yielding than the top 
variety, Table 1).  Yield response to time of sowing of Drysdale was similar to Westonia.  GBA 
Shenton and Wyalkatchem were similar until 10th June when Shenton dropped relatively more and 
EGA Bonnie Rock was definitely better than both at least in June.  This suggests that GBA Shenton 
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may not be the best choice for late sowing despite its early maturity.  However, the benefit of triple rust 
resistance of GBA varieties is worth considering in high-risk situations.  GBA Ruby ranked among the 
top varieties for yield with late June sowing (consistent with 2003 results) but was slightly lower 
yielding at earlier sowing. 
At the high rainfall site (Avondale), cultivars Ellison, Arrino, Westonia and Wyalkatchem were highest 
yielding.  Grain yield decline was significantly greater for Ellison, Babbler, EGA Bonnie Rock, 
Drysdale, WAWHT2589 (new, soft), and Kalka (new durum).  Although Ellison was the highest yielder 
at early June, it suffered the steepest decline (32%) by mid-June.  WAWHT 2499, was in the highest 
yielding group at both sowing times. 
Both WAWHT 2499 (Hard) and WAWHT 2524 (ASW) performed well in the region.  Despite an ASW 
classification for WAWHT2524, the variety was highly profitable at most times due to consistently high 
grain yield and grain protein. 
Black point, falling number and hectolitre weight were not commercial issues in the region in 2004 but 
data from other regions suggests that EGA Eagle Rock is more sensitive to black point while WAWHT 
2499 produces low falling number with late rains. 
The phenology data from the region have been combined with Statewide data and have been 
presented separately (Shackley and others). 
CONCLUSION 
Varieties should be chosen on the basis of relative yield in the respective rainfall zone and 
consideration of the risk factors and expected seasonal conditions.  Cultivars like Drysdale, EGA 
Bonnie Rock, Wyalkatchem and WAWHT 2499 seem to be good choices for a late break and a tight 
finish, while early sowing opportunities with an above average rainfall forecast can make use of 
Ellison.  Triple rust resistance of this cultivar and those of GBA-Sapphire, -Shenton and -Ruby are 
worth considering in the $ equation. 
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Table 1. Grain yield of 32 wheat cultivars at different seeding times in different rainfall zones in the 
Central Agricultural Region of WA 
(i)  Values in bold indicate varieties not statistically worse than the top yielder at each sowing date;  (ii)  Double $ 
superscript means gross margins more than 95% of the maximum (over all grades and all varieties) at that time of 
sowing, while one $ sign means gross margin between 90-95% of the maximum at that time of sowing;  (iii)  Trials 
were sprayed with fungicide, hence, gross margins should be adjusted according to varietal resistance, likelihood 
of disease occurrence and the fungicide costs.  For latest resistance ratings, see Crop Variety Sowing Guide 
2005;  (iv)  Trial site at Quairading produced very high screenings and low grain yield (probably due to very low 
Potassium) which apparently masked the effect of time of sowing.  Treat results from this site with caution. 
Nungarin Quairading Avondale 
Variety 
28 May 10 June 25 June 4 June 14 June 28 June 2 June 17 June 
Annuello    0.72 1.08 1.07 2.34 2.43 
Arrino       3.10 2.80$$ 
Babbler       3.08 2.45 
Bowerbird 0.59 0.51 0.36 0.90 1.25 1.03 2.25 2.06 
Calingiri 0.76 0.71 0.59 1.33$$ 1.53 1.21 2.34 2.36 
Carnamah 0.77 0.69 0.52 0.45 0.75 1.12 2.34 2.32 
Chara 0.60 0.49 0.33 0.99 1.12 1.07 2.29 2.45 
Drysdale 0.86$$ 0.80 0.60 0.90 1.03 1.04 2.96 2.11 
EGA Bonnie Rock 0.86$$ 0.87 0.59 0.91 1.35 1.35 2.92 2.29 
EGA Castle Rock 0.74 0.77 0.55 0.72 1.30 1.16 2.45 2.22 
EGA Eagle Rock 0.63 0.64 0.46 1.12 1.17 1.09 2.57 2.72$$ 
EGA Hume 0.68 0.63 0.47    2.28 2.18 
EGA Jitarning       2.73 2.57 
Ellison       3.49$$ 2.36 
GBAH99-9AH 0.85$$ 0.69 0.52 0.85 1.44 1.04 2.89 2.48 
GBA Ruby 0.82$ 0.85 0.61 1.06 1.20 1.17 3.10 2.80$ 
GBA Sapphire 0.82$ 0.78 0.54 0.73 1.29 1.06 2.62 2.59 
GBA Shenton 0.79 0.73 0.44 0.98 0.75 0.93 2.92 2.43 
Kalka       2.48 1.62 
Pugsley       2.64 2.66$ 
Lang 0.72 0.62 0.42 0.89 1.42 1.16   
RAC1055 0.74 0.74 0.59 1.26 1.57 1.15 2.69 2.80$ 
Rees 0.73 0.65 0.42 0.81 1.11 0.90 2.87 2.34 
Spear 0.74 0.71 0.59 1.18 1.12 1.09   
WAWHT 2499 0.76 0.96$$ 0.64$ 1.07 1.30 1.18 3.26$$ 2.78$$ 
WAWHT 2524 0.93$$ 0.90$ 0.70$$ 1.26 1.36 1.18 2.99 2.55 
WAWHT 2550       2.82 2.62$ 
WAWHT 2589 0.81 0.80 0.60 1.35 1.40 1.06 2.99 2.23 
Westonia 0.87$$ 0.77 0.60 1.40$$ 1.49 1.21 3.08 2.62 
Wollaroi       2.55 2.04 
Wyalkatchem 0.79 0.74 0.56 1.36$$ 1.85$$ 1.21 3.08 2.73$ 
Yitpi    1.12 1.57$$ 1.33$$ 2.64 2.55 
LSD (P = 0.05) 
var x tos 0.14 0.45 0.59 
within tos 0.10 0.23 0.58 
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EGA Eagle Rock tolerance to metribuzin and its 
mixtures 
Harmohinder Dhammu1, David Nicholson2 and Chris Roberts1, Department of 
Agriculture, WA; 1Northam and 2Geraldton 
KEY MESSAGES 
• EGA Eagle Rock has metribuzin tolerance similar to Blade.  It tolerated up to three times the 
registered rate of metribuzin (pre-emergent) on sandy and clay loam soils.  
• Tank mixed application of Lexone (metribuzin) 200 g/ha with Stomp, TriflurX, Diuron and Dual 
Gold applied pre-emergence and with Jaguar, Tigrex, Monza and Atlantis applied 
post-emergence appeared safe.  Post-emergence use of metribuzin in wheat is not registered. 
• EGA Eagle Rock does not have cross-tolerance to Atrazine (2 L/ha). 
AIMS 
To evaluate the tolerance of EGA Eagle Rock wheat to metribuzin and its mixtures with other 
herbicides compared to Blade (a metribuzin tolerant variety) and Spear (a metribuzin sensitive 
variety).  Currently, Lexone 200 g/ha is registered for use on ‘Blade’ wheat only. 
METHOD 
Location and year Merredin Res. Station, 2004 Eradu Sandplain Res. Annex, 2004 
Soil type 0-10 cm
 10-20 cm 
Clay loam (49% sand, 18% silt, 33% clay)
The sample was not taken. 
Sandy (95.5% sand, 1.5% silt, 3% clay) 
Sandy (94.5% sand, 1.5% silt, 4% clay) 
Soil pH (CaCl2) 0-10 cm
 10-20 cm
EC (mS/m) 0-10 cm









Trial design Criss-cross, every 8th plot was untreated control. 




Knife points and press wheels 
8 June 
Knife points and press wheels 
Seeding rate 60 kg/ha 










  8 June 
29 June 
10 July 
Moisture levels (%) depth 
 At field capacity
 At crop seeding
(Gravimetric method, 2 
samples per rep.) 
0-10 cm 10-20 cm 
14.0 15.5 
17.0 -  
0-10 cm 10-20 cm 
7.2 4.3 
5.9 4.3  
Wheat plant count 
Crop biomass (Visual) 
Wheat head count 
Crop biomass (Visual) 
1 Sept. (33 x 33 cm, 2 quadrats/plot) 
1 Sept. 
22 Oct. (33 x 33 cm, 2 quadrats/plot.) 
22 Oct. 
29 July (33 x 33 cm, 2 quadrats/plot) 
29 July 
22 Sept. (50 x 25 cm, 2 quadrats/plot) 
22 Sept. 
Harvesting date 29 November Not harvested 
Total rainfall (mm) 
June-November 
169 290 
The trial at Eradu was infested with ryegrass.  Hoegrass 250 mL + Achieve 250 mL + Supercharge 
0.75%/ha applied on 15 July, failed to control the ryegrass, thus the trial was not harvested.  At the time 
of treatment application (both pre- and post-emergent) adequate soil moisture was present, thus good 
herbicide activities were expected at both sites.  
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RESULTS 
Effect on plant density, number of heads and crop biomass 
Plant counts at both sites indicated that EGA Eagle Rock was not affected by pre-emergent Lexone up 
to 600g/ha, but seedling numbers of Spear and Blade dropped at Lexone rate of 400 and 600 g/ha, 
respectively at Eradu.  Lexone 600 g/ha caused biomass reduction across all the varieties at both 
sites. 
EGA Eagle Rock and Blade plant numbers were not affected by post-emergent Lexone up to 600 g/ha 
at Merredin, but their plant numbers started to drop significantly from 400 g/ha at Eradu.  At Eradu 
post-emergent Lexone (400-600 g/ha) caused some biomass reduction across all the varieties but 
EGA Eagle Rock was the least affected variety (Table 1 and 2). 
Atrazine reduced the plant numbers of all the varieties significantly at both sites, where as simazine 
affected only Spear at both sites.  Both these treatments caused biomass reduction in all the varieties, 
but effect of atrazine was more pronounced than simazine (Table 1 and 2). 
Lexone 200 g/ha mixed with other herbicides (either pre-emergent or post-emergent) did not cause 
significant negative affect on plant density of Eagle Rock and Blade except Lexone + Tigrex in Eagle 
Rock.  Lexone + Jaguar and Lexone + Monza caused biomass reduction across all the varieties at 
both sites, but Eagle Rock was least affected (Table 1 and 2).  
Head counts suggested that compensatory growth had occurred in all the varieties at both sites.  The 
negative impact on crop biomass observed 7-10 weeks after seeding were out grown by crop anthesis. 
Effect on grain yield 
None of the Lexone treatments (reflecting different rates, timings and mixtures with other herbicides) 
caused significant yield reduction in EGA Eagle Rock and Blade compared to untreated controls In all 
these treatments Eagle Rock yielded at par with Blade (Table 1).  However, atrazine caused 
significant yield reduction in EGA Eagle Rock and Spear, where as Blade was unaffected (Table 1). 
CONCLUSION 
Trials data indicated that EGA Eagle Rock possessed metribuzin tolerance similar to Blade.  It 
tolerated pre-emergent Lexone up to 600 g/ha (three times the registered rate) and Lexone 200 g/ha 
applied mixed with Stomp, TriflurX, Diuron or Dual Gold at both sites. 
EGA Eagle Rock does not appear to have cross-tolerance to triazines particularly the atrazine rate 
(2 L/ha) which gives good weed control. 
EGA Eagle Rock tolerated post-emergent Lexone up to 600 g/ha on a heavy soil, but 200 g/ha was 
the maximum rate on a light soil.  Tank mixed application of post-emergent Lexone 200 g/ha with 
Jaguar, Tigrex, Monza or Atlantis appeared safe.  Post-emergent use of Lexone in wheat is not 
registered. 
Head counts and crop biomass observations indicated that compensating growth had occurred in the 
varieties particularly for post-emergent treatments.  Last year, growing conditions throughout the 
season were normal at both sites.  However, any kind of stress soon after these treatments 
application, which could slow down the plant recovery, may result in yield penalty. 
Permits to use metribuzin on EGA Eagle Rock wheat have been applied. 
KEY WORDS 
metribuzin, tolerance, cross-tolerance, wheat, grain yield 
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Table 1. Effect of treatments on plant density, crop biomass, number of ear heads and grain yield (% of untreated) of wheat varieties at Merredin (04NO27) 
Herbicides/ha Timing
Blade EagleRock Spear Blade EagleRock Spear Blade EagleRock Spear Blade EagleRock Spear


















2 Lexone® 150 g BS 108 98 108 0 0 0 106 90 94 106 102 104
3 Lexone® 200 g " 104 93 98 0 0 0 105 94 107 112 110 100
4 Lexone® 400 g " 90 109 81 0 0 0 103 97 96 108 99 92
5 Lexone® 600 g " 110 90 89 12 12 12 99 95 96 96 108 86
6 Stomp® 330E 1.8 L " 93 92 105 0 0 0 103 100 96 100 100 100
7 Triflur X ® 2.0 L " 101 105 91 0 0 0 105 94 99 93 90 108
8 Diuron (50% ) 1.0 L " 90 92 126 0 0 0 96 93 98 110 105 104
9 Atrazine (50%)  2.0 L " 66 61 68 10 10 10 87 77 73 98 73 74
10 Simazine (50% ) 2.0 L " 81 84 75 5 5 10 90 83 79 94 88 84
11 Lex. 200 g  + Stomp 1.8 L " 106 100 102 5 5 5 100 94 106 102 112 97
12 Lex. 200 g + Triflur X 2.0 L " 93 96 84 0 0 0 101 99 97 87 105 86
13 Lex. 200 g + Diuron 1.0 L " 98 98 102 0 0 0 100 96 116 109 103 106
14 Lex. 200 g + Diu. 1.0 L+ Dual G.® 0.25 L " 100 110 94 0 0 0 98 103 91 98 104 88
15 Lexone® 200 g Z13-Z14 97 98 93 0 0 0 103 96 97 107 110 104
16 Lexone® 400 g " 101 111 98 0 0 0 91 92 93 109 92 101
17 Lexone® 400 g + BS 1000 0.25% " 109 111 91 18 18 18 98 89 93 98 102 77
18 Lexone® 600 g " 104 91 71 5 5 5 96 91 86 101 100 88
19 Lex. 200 g + Jaguar® 0.5 L " 100 105 100 10 10 10 94 91 88 92 94 93
20 Lex. 200 g + Monza®  12.5 g " 87 85 80 17 17 17 95 90 84 95 91 93
21 Lex. 200g + Tigrex® 0.5 L " 96 93 105 0 0 0 96 89 92 89 104 90
22 Lex. 200 g + Atlantis®  165 mL " 109 106 98 15 15 17 98 100 94 108 104 90
LSD (0.05) Herbicides v/s Untreated 23 23 23 12 11 11 18 16 17
LSD (0.05) Herbicides v/s Herbicides 28 29 28 14 13 14 16 16 16
CV (%) 21 22 22 11 10 11 12 12 12
BS, Before seeding. Lex. = Lexone®, Diu. = Diuron & Dual G. = Dual Gold ®. 
Figures in parenthesis are the wheat plant numbers m-2, ear heads m-2 and grain yield kg/ha. 
Biomass reduction (visual) of surviving plants was observed 10 weeks after seeding. Treatment 20 and 22  applied with DC Trate 2% and BS1000 0.1%, respectively. 
Figures in bold are significantly different from the untreated control.
Number  of heads Grain yieldNumber of plants Biomass reduction (%)
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Table 2. Effect of treatments on plant density, crop biomass and number of ear heads (% of untreated) of wheat varieties at Eradu (04NO27) 
Herbicides/ha Timing
Blade EagelRock Spear Blade EagelRock Spear Blade EagleRock Spear
1 Untreated control













2 Lexone® 150 g Before seeding 106 98 95 0 0 0 101 108 108
3 Lexone® 200 g " 91 118 111 0 0 0 91 103 103
4 Lexone® 400 g " 103 92 57 0 0 0 95 105 78
5 Lexone® 600 g " 83 121 50 5 5 42 95 109 73
6 Stomp® 330E 1.8 L " 105 105 93 0 0 0 93 114 105
7 Triflur X ® 2.0 L " 101 100 104 0 0 0 108 98 122
8 Diuron (50% ) 1.0 L " 97 113 107 0 0 0 92 103 99
9 Atrazine (50%)  2.0 L " 58 61 43 32 22 63 78 85 68
10 Simazine (50% ) 2.0 L " 88 89 56 13 7 18 89 88 77
11 Lex. 200 g  + Stomp 1.8 L " 92 102 82 0 0 0 111 113 95
12 Lex. 200 g + Triflur X 2.0 L " 92 113 94 0 0 5 115 106 111
13 Lex. 200 g + Diuron 1.0 L " 96 106 101 0 0 0 111 105 91
14 Lex. 200 g + Diu. 1.0 L+ Dual G.® 0.25 L " 102 105 70 5 15 0 106 107 95
15 Lexone® 200 g Z12-Z13 89 104 70 0 0 15 98 96 82
16 Lexone® 400 g " 72 85 8 7 3 62 95 92 23
17 Lexone® 400 g + BS 1000 0.25% " 78 85 7 35 20 67 99 95 17
18 Lexone® 600 g " 59 71 8 47 43 97 91 99 3
19 Lex. 200 g + Jaguar® 0.5 L " 94 91 47 5 2 38 109 107 62
20 Lex. 200 g + Monza®  12.5 g " 88 109 59 7 5 40 89 94 59
21 Lex. 200g + Tigrex® 0.5 L Z14 92 82 102 0 0 0 95 112 86
22 Lex. 200 g + Atlantis®  165 mL " 103 110 88 0 0 5 101 106 92
LSD (0.05) Herbicides v/s Untreated 17 14 19 23 19 23
LSD (0.05) Herbicides v/s Herbicides 22 17 24 28 23 28
CV (%) 18 13 25 21 17 25
 Figures in parenthesis are the wheat plant numbers and ear heads m-2 . Lex. = Lexone®, Diu. = Diuron & Dual G. = Dual Gold ®. 
Biomass reduction (visual) of surviving plants was observed 7 weeks after seeding. 
Treatment 20 and 22 were applied with DC Trate 2% and BS1000 0.1%, respectively. 
Figures in bold are significantly different from the untreated control.
No of plants Biomass reduction (%) No of heads
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Herbicide tolerance of new bread wheats 
Harmohinder Dhammu1 and David Nicholson2, Department of Agriculture, WA; 
1Northam and 2Geraldton 
KEY MESSAGES 
• WAWHT 2499 and WAWHT 2425 (ear marked for release), EGA Blanco, EGA Bonnie Rock, 
EGA Castle Rock, GBA Ruby and GBA Sapphire along with Wyalkatchem showed good 
tolerance to all the herbicides/herbicide mixtures tested. 
• At a dosage higher than the registered rate, GBA Shenton showed sensitivity to Dicamba. 
• EGA Eagle Rock showed sensitivities to Hussar and phenoxy herbicides.  This variety was 
evaluated in the small plots at Mullewa only.  Thus the results should be taken with caution. 
AIMS 
To evaluate the herbicide tolerance of potential and recently released bread wheat varieties. 
METHOD 
Location and year Mullewa Res. Station, 2004 Merredin Res. Station, 2004 
Soil type, pH (Cacl2) and OC (%) Sandy loam, 4.6 and 1.12 Clay loam, 5.1 and 2.21 
Trial design Criss-cross, every 8th plot was untreated control. 
Plot size (gross) and replications 10 x 3 m, 3 EGA Eagle Rock – 1.5 x 3 m, 3 10 x 3 m, 3 
Sowing date and seeding rate 9 June and 60 kg/ha 15 June and 60 kg/ha 
Seeding machinery Knife points and press wheels 
Fertiliser Allstar 86 kg/ha Agras No. 1 100 kg/ha Urea 50 kg/ha - 5 July 
Herbicides application date 
Before seeding 





  9 June 
  9 June 
30 June 






11-12 July  
Blanket spray Bromoxynil 2.0 L/ha -13 July  
Paddock history 2003 -  Wheat 2002 -  Wheat 
2003 - Field pea 
2002 - Pasture 
Harvesting date 10 November 29 November 
Total rainfall (mm) 
June-November 134 169 
In the trials higher than label rates of Dual Gold and Dicamba were used as the highest registered 
rates of these products (either alone in mixture with other herbicides) provide poor weed control.  The 
main aim was to test the herbicide tolerance limits of new varieties further to help change the labels for 
better weed control. 
RESULTS 
Visual rating during early crop growth and at anthesis at Mullewa and Merredin gave the following 
impressions: 
• Jaguar caused slight yellow spotting on the leaves exposed to the spray and Dicamba resulted 
in drooping leaves across all the varieties at Mullewa.  These symptoms were outgrown by 
anthesis. 
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• 2,4-D amine and ester resulted in 7-27% ear head deformities (twisted heads, missing spikelets 
and/or fused and super-numerary spikelets) across all the varieties at Merredin.  Ester 
formulation caused more deformities than amine. 
• In some plots a few planting furrows had filled with soil at Merredin, most probably due to high 
speed of seeding machinery.  This occurred in the DOW-1, Diuron + Dual Gold, Logran B 
Power and Stomp plots and resulted in either complete inhibition of seedling emergence or 
plants with reduced tillering compared to other herbicide treatment or untreated control plots 
with similar amounts of soil moved into the planting furrows.  
Effects on yield 
Table 1 lists the yields for each herbicide treatment, expressed as a per cent of the untreated controls.  
The untreated control yields are expressed in kg/ha. 
CONCLUSION 
• None of the herbicides/herbicide mixtures evaluated had any significant negative affect on grain 
yield of EGA Blanco, EGA Bonnie Rock, EGA Castle Rock, GBA Ruby, GBA Sapphire, WAWHT 
2499, 2425 and Wyalkatchem at both sites.  EGA Bonnie Rock results are consistent with the 
previous results.  
• GBA Shenton grain yield was significantly reduced by Dicamba 0.5 L/ha (1.25 times the 
registered rate) at Mullewa, whereas Wyalkatchem (a standard variety in the trial) did not 
appear to be affected by this treatment.  This needs further investigation.  
• EGA Eagle Rock grain yield was reduced significantly by Hussar and phenoxy herbicides.  This 
variety was evaluated in the small plots (net plot size - 1.5 x 1.38 m) at Mullewa only.  Thus the 
results should be taken with caution. 
• Ear head deformities caused by both formulations of 2,4-D did not result into significant yield 
reduction in any of the varieties.  The results are in line with the findings of a set of trials done 
during 2001 on “wheat tolerance to phenoxy rates and timing”.  The trials result indicated that 
visual ear head deformity symptoms caused by phenoxy herbicides are not a good indicator of 
yield penalty.  
• DOW-1 is a group K herbicide mainly for broadleaf weed control especially wild radish.  It is not 
registered in wheat.  All the wheat varieties tested in the trials have shown good tolerance to 
this product. 
KEY WORDS 
wheat, bread wheat, herbicide, tolerance 
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No Herbicides (rate/ha)
Blanco Bonnie R Castle R Eagle R Ruby Sapphire Shenton WA2499 WA2524 Wyalkat Bonnie R Castle R WA2499 WA2524 Wyalkat
1 Untreated control                  > > kg/ha 996 1474  1219 1207 1320 1146  1253  1389 1297 1126 1717 1564 1769 1943 1840
2 Avadex BW® 2.0 L 91 94 97 99 104 106 96 95 94 98 108 113 122 102 107
3 Glean® 20 g 95 95 97 91 100 97 99 102 100 104 100 97 101 102 92
4 Logran B Pow er ® 50 g + Hasten 0.5% 92 97 103 99 96 102 103 98 96 87 118 110 106 101 112
5 Stomp® (330) 1.8 L 96 94 100 93 99 98 90 106 99 104 117 110 118 103 102
6 Trif lur X® 2.0 L 108 101 100 89 98 101 101 94 103 102 107 103 114 103 95
7 Diuron (50%) 1.0 L + Dual Gold® 1.0 L 92 94 97 85 97 105 96 94 98 92 95 101 104 91 103
8 DOW-1  200 g 107 105 93 125 109 99 102 97 107 105 111 110 111 98 94
9 Topik® 240 EC 210 mL + Hasten 0.5% 92 99 105 113 96 100 99 95 96 92 111 105 95 108 96
10 Achieve® WG 380 g 100 101 102 92 101 101 98 100 97 103 89 108 94 95 93
11 Jaguar® 1.0 L 102 98 104 117 103 102 104 102 101 106 104 106 97 91 92
12 Monza® 25 g + DC Trate 2% (v/v) 98 96 106 93 100 100 96 101 105 102 111 103 108 104 110
13 Hoegrass® (375) 2.0 L 100 99 101 97 102 104 101 97 102 98 112 124 107 110 114
14 Decision® 1.0 L + Hasten 1.0% 104 98 106 116 105 107 108 106 110 103 115 110 103 105 89
15 Hoegrass® 200 mL + Achieve® 200 g 99 97 105 108 101 102 99 99 99 97 102 104 108 99 96
16 Ally® 5 g 90 101 97 99 104 101 97 93 95 106 102 108 94 96 93
17 Atlantis®  330 mL + Hasten 0.5% 105 100 105 92 105 95 97 102 104 100 99 103 102 102 108
18 Barrel® 1.4 L 97 88 93 115 94 93 93 105 93 91 90 106 99 94 100
19 Hussar® 200 g + BS 1000 0.25% 97 100 101 66 94 94 93 102 102 102 99 116 107 96 98
20 Mataven-L® 3.0 L 102 95 97 95 100 98 99 96 111 96 104 105 99 100 100
21 Paragon® 375 mL 97 99 97 106 97 98 97 102 102 100 111 101 104 102 108
22 Tigrex® 1.0 L 103 100 108 94 101 104 106 103 108 108 106 101 107 90 107
23 Buctril® MA 1.4 L 95 89 100 104 94 106 95 99 103 97 109 104 96 97 94
24 Affinity® 50 g + MCPA (amine) 0.5 L 86 96 101 105 95 95 96 96 91 99 114 101 99 102 104
25 Eclipse® 5 g + MCPA LVE 0.5 L 89 97 101 87 98 99 93 101 105 97 106 104 106 109 117
26 Lontrel® (30%) 0.3 L 95 97 104 101 99 97 91 98 95 106 107 104 91 96 105
27 Diuron (50%) 0.5 L + 2,4-D (625) 0.2L 102 98 102 91 102 104 100 109 101 91 104 114 103 105 110
28 MCPA amine (50%) 2.0 L 92 91 93 82 94 92 91 93 94 97 97 100 95 99 98
29 2,4-D amine (625) 1.3 L 91 95 95 81 93 92 101 95 98 91 93 99 102 94 100
30 2,4-D ester (80%) 0.7 L 86 96 101 83 94 94 91 93 90 87 105 106 98 91 101
31 Dicamba® (50%) 0.5 L 80 90 90 69 91 87 80 97 91 85 123 102 92 109 101
LSD (0.05) Herbicides v/s Untreated 21 14 17 17 18 18 16 15 16 18 18 18 17 18 17
Treatments 2-7 w ere applied before seeding; 8 immediately post plant; 9-15 at Z12-Z13 at MW & at Z13-Z14 at ME; 16-27 at Z13-Z14 and 28-31 at Z15-Z16/Z21+.  
Treatments 10 & 15 w ere applied w ith Supercharge 0.75%; 13 & 16  w ith BS 1000 0.25%; 25 w ith Uptake oil 0.5%. Figures in bold are signif icantly different from untreated control.
Bonnie R= EGA Bonnie Rock; Castle R=EGA Castle Rock; Eagle R=EGA Eagle Rock;  Ruby, Sapphire and Shenton has GBA prefix; WA=WAWHT & Wyalkat=Wyalkatchem. 
Mullewa (MW) Merredin(ME)
Table 1:  Effect of herbicides on grain yield (% of untreated control) of wheat varieties (04NO28).
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The impact of fertiliser placement, timing and rates 
on nitrogen-use efficiency 
Stephen Loss, CSBP Ltd; Kwinana 
KEY MESSAGES 
• In many situations banding nitrogen (N) at sowing enhances N uptake, grain yields and protein 
content of cereals compared to topdressed N. 
• Splitting applications of N (e.g. at sowing and between 4-12 weeks after sowing) also improves 
N use efficiency and enables growers to maximise profits in variable environments. 
• Applications at the flag leaf stage can be used to boost the protein content of cereal crops in 
high yielding environments. 
• Liquid N fertilisers offer a convenient and accurate way of banding N at sowing and applying N 
during the season if conditions are favourable. 
BACKGROUND 
A decline in the legume component of agricultural rotations in WA has meant farmers are more reliant 
on fertiliser nitrogen (N) inputs.  Recent increases in fertiliser N prices will have many growers and 
agronomists searching for ways to maximise N-use efficiency.  Regardless of fertiliser prices, 
increases in N-use efficiency will improve productivity and profits, and may also provide environmental 
benefits.  The adoption of liquid fertilisers in WA over the past five years has seen a major change in 
fertiliser technology with the potential to improve N-use efficiency.  
Initially many growers switched from topdressing urea mainly at sowing to boomsprayer applications of 
Flexi-N (urea ammonium nitrate, 32% N w/w) because this involved minimal capital investment.  
Numerous field trials have shown that urea topdressed and Flexi-N applied through the boomsprayer 
perform similarly when applied at the same N rate and timing.  Hence, the initial adoption of Flexi-N 
was driven by the convenience of storage and handling, improved speed and uniformity of application, 
and reduced labour requirements when applied with pesticides.  The convenience factor also 
encouraged growers to reduce N rates at sowing and increase applications after the crop has 
emerged, thereby minimising the risk of N leaching and delaying their investment in N until the season 
was well underway.  This allows them to delay the investment in part of their N inputs until they have 
better information about the seasonal conditions, crop establishment and yield potential. 
Over the last 2-3 years there has been increasing interest in banding Flexi-N near the seed at sowing, 
especially if using wide rows with thick stubble or high weed densities in the interrow.  Improved early 
N uptake and growth has been measured in field trials, and this is sometimes translated into greater 
grain yield and protein.  Again the convenience of adding in-furrow fungicides and trace elements has 
been a big motivation towards banding N for some growers.  While Flexi-N is less toxic than urea, it 
needs to be separated from the seed by 2-3 cm, and this is easily achieved with most seeder liquid 
fertiliser systems.  
Several CSBP trials conducted in 2004 illustrated the impact of fertiliser placement, timing and rate of 
N use efficiency.  
METHODS 
The three field trials reported in this document were conducted at Carnamah, Arthur River and 
Walebing in 2004 to investigate the effects of N placement and timing on cereal production.  The site 
at Carnamah was brown grey sandy loam (pH 6.3) with low organic carbon (0.55%), and had 
produced wheat crops in the previous two years.  The Arthur River site was a brown gravely loam 
(pH 5.0) with moderate organic carbon (1.5%) and had produced canola in 2003.  The Walebing site 
was red brown clay loam (pH 4.6), which had produced wheat in the previous year.  The plots were 
2.1 m (9 rows) by 20 m long, arranged in a randomised block design with various N rates using three 
replicates. 
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At Carnamah Flexi-N was either banded 3-4 cm below the seed or applied with an ATV-mounted 
boomspray immediately before sowing (IBS), and banding plus post-emergent treatments at 4 and 8 
weeks after sowing (WAS) were also included.  A summary of the treatments is presented in Table 1.  
A basal fertiliser of 100 kg/ha Big Phos TE (supplying adequate phosphorus and sulphur) was also 
banded on every plot. 
At the other sites all Flexi-N applications were through a boomsprayer either mounted on an ATV or 
hand held.  At Arthur River 100 and 200 L/ha Flexi-N were applied either IBS, IBS + 10 WAS, or IBS + 
5 + 10 + 15 WAS (Table 2) and the basal fertiliser was 100 kg/ha Agflow Extra.  The trial at Walebing 
included Calingiri (Noodle) wheat, Bonnie Rock (Australian Hard) wheat and Gairdner barley, with 
Flexi-N applications IBS, IBS + 6 WAS, IBS + flag leaf stage, and IBS + 6 WAS + flag leaf stage 
(Table 3).  The basal fertiliser was 129 kg/ha Agstar Zinc.  
RESULTS AND DISCUSSION 
Despite dry conditions and modest yields at Carnamah, the trial clearly demonstrated the potential 
benefits of banding Flexi-N. Banded Flexi-N treatments were much more effective than either Flexi-N 
applied through the boomsprayer or topdressed urea in terms of plant growth and N uptake within the 
first seven weeks after sowing (Table 1).  Grain yields at the end of the season increased from about 
1.0 t/ha with nil N up to 2.0 t/ha at 75 kg N/ha, and on average, banded Flexi-N treatments produced 
35% more yield than either Flexi-N boomspray or Urea topdressed. 60 L/ha Flexi-N banded produced 
similar if not more yield than 120 L/ha applied through the boomsprayer immediately before sowing 
(IBS).  Protein increased from about 8.5% at nil N to 11% at 75 kg N/ha, and at the high N rates, 
banded Flexi-N produced about 1.5% greater protein than topdressed treatments.  The recovery of the 
fertiliser N in the harvested grain varied from 33% with 178 L/ha Flexi-N applied with the boomsprayer 
IBS, up to 93% with 60 L/ha Flexi-N banded.  Net income was maximised with 120 L/ha Flexi-N 
banded + 58 L/ha Flexi-N applied 4 WAS, producing $140/ha more than the nil N treatment. 
The trial at Arthur River highlighted the benefits of split N applications in high rainfall situations.  
Although seasonal rainfall was below average, grain yields increased from 4.8 t/ha with the basal 
Agfllow Extra, to 5.1 t/ha with the addition of 200 L/ha Flexi-N IBS (Table 2).  Yields increased further 
to 5.3 t/ha when the 200 L Flexi-N was split between sowing and 5 WAS, and to 5.5 t/ha when split 
between sowing, 5, 10 and 15 WAS.  Protein increased from 9.6% with the Agflow Extra basal to 
10.4% with Flexi-N applications at sowing, and to 11.1% with split applications.  The recovery of N 
from the Flexi-N applications varied from 15% with 200 L/ha applied IBS, to 40% or more with split 
applications of 100 L/ha.  Income was maximised with 200 L/ha Flexi-N applied at sowing, 5, 10 and 
15 WAS. 
Following average seasonal rainfall but a dry spring in Walebing, grain yields increased almost linearly 
in all varieties with the application of 250 L/ha Flexi-N (123 kg N/ha) from 2.5 to 3.5 t/ha for Calingiri, 
2.7 to 3.7 t/ha for Bonnie Rock and 2.9 to 4.0 t/ha for Gairdner barley (Table 3).  Despite mild scorch 
damage of the flag leaf in Calingiri, the late application of Flexi-N did not reduce yields in all varieties 
but increased protein by 0.3-0.9% in the wheats.  The recovery of N applied in the Flexi-N was 
relatively low and uniform (17-23%).  Calingiri failed to meet the protein requirements for Noodle 
quality and screenings in Gairdner were excessive for malting barley in all Flexi-N treatments.  In all 
three varieties, applications of Flexi-N at sowing and 6 WAS resulted in increased profits by $40-60/ha 
above the basal Agstar Zinc treatment, while the application of Flexi-N at flag leaf stage boosted 
profits by $25/ha in Bonnie Rock. 
These three and other trials not reported here highlight how banding N and splitting N applications can 
maximise N-use efficiency and maximise profits from crops.  This ‘drip feeding’ approach to N 
fertilisation also has the potential to minimise risks of N leaching losses, thereby providing 
environmental benefits. 
KEYWORDS 
plant nutrition, wheat, barley, fluid fertiliser, Flexi-N 
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Table 1. Results from plant samples taken on 21 July and harvested parameters from the Carnamah 
trial in 2004.  IBS = immediately before sowing, WAS = weeks after sowing 
21 July 21 July 


















nil N $/ha 
Nil N – BigPhos TE only 0 0.163 5.810 1.063 7.93 2.3 0.0 0.00 
60 Flexi-N IBS 25 0.240 8.651 1.203 7.87 2.9 66.4 -5.38 
54 Urea IBS 25 0.263 10.265 1.276 8.23 2.1 73.7 18.46 
60 Flexi-N 4 WAS 25 0.203 5.954 1.417 8.10 2.5 80.5 39.59 
60 Flexi-N band 25 0.460 16.592 1.578 8.43 3.5 93.4 68.56 
120 Flexi-N IBS 51 0.313 12.143 1.469 8.40 2.6 42.5 18.21 
120 Flexi-N band 51 0.617 23.248 1.979 10.17 1.8 69.2 134.96 
60 Flexi-N band + 60 FN 4 WAS 51 0.490 19.391 1.818 9.867 1.9 61.7 101.94 
178 Flexi-N IBS 75 0.313 12.514 1.505 9.27 2.3 32.6 3.01 
120 Flexi-N band + 58 FN 4 WAS 75 0.583 25.566 2.083 11.23 1.4 54.7 139.76 
120 Flexi-N band + 58 FN 8 WAS 75  -  - 2.068 11.13 1.5 53.8 136.47 
  LSD 0.0767 2.938 0.123 0.885 1.23   
  Prob < 0.001 < 0.001 < 0.001 < 0.001 0.094   
Table 2. Harvested parameters from the Arthur River trial in 2004.  IBS = immediately before sowing, 
WAS = weeks after sowing 








Extra net income 
over basal $/ha 
No Flexi-N – basal Agflow 14 4.766 9.63 2.0 0.0 0.00 
Flexi-N IBS 56 5.000 10.33 1.7 24.2 15.46 
Flexi-N IBS + 10 WAS 56 5.188 10.80 1.6 42.4 62.88 
Flexi-N IBS + 5 + 10 + 15 WAS 56 5.318 10.47 1.8 40.8 89.74 
Flexi-N IBS 96 5.083 10.37 2.4 14.6 -20.21 
Flexi-N IBS + 10 WAS 96 5.245 11.03 1.9 25.6 43.88 
Flexi-N IBS + 5 + 10 + 15 WAS 96 5.484 11.17 2.0 32.9 93.71 
 LSD 0.303 0.799 0.40   
 Prob 0.072 0.012 0.019   
Table 3. Harvested parameters from the Walebing trial in 2004.  IBS = immediately before sowing, 
WAS = weeks after sowing 

















Calingiri No Flexi-N – basal Agstar Zn 18 2.491 7.83 3.0 0 0.00 
Calingiri Flexi-N IBS 60 3.099 7.97 3.2 21.6 34.48 
Calingiri Flexi-N IBS + 6 WAS 102 3.419 8.27 3.5 18.3 61.08 
Calingiri Flexi-N IBS + Flag 81 3.173 8.27 4.4 18.7 28.09 
Calingiri Flexi-N IBS + 6 WAS + Flag 123 3.419 9.13 3.1 19.6 58.03 
Bonnie Rk No Flexi-N – basal Agstar Zn 18 2.720 8.40 1.5 0.0 0.00 
Bonnie Rk Flexi-N IBS 60 3.248 8.60 2.0 21.2 28.13 
Bonnie Rk Flexi-N IBS + 6 WAS 102 3.477 9.03 2.6 17.9 37.44 
Bonnie Rk Flexi-N IBS + Flag 81 3.237 9.10 1.9 18.4 17.93 
Bonnie Rk Flexi-N IBS + 6 WAS + Flag 123 3.669 9.83 2.6 22.1 62.66 
Gairdner No Flexi-N – basal Agstar Zn 18 2.907 7.59 30.5 0.0 0.00 
Gairdner Flexi-N IBS 60 3.541 7.69 37.8 21.7 15.30 
Gairdner Flexi-N IBS + 6 WAS 102 3.989 8.34 41.2 23.4 39.15 
Gairdner Flexi-N IBS + Flag 81 3.643 8.34 44.6 23.2 9.19 
Gairdner Flexi-N IBS + 6 WAS + Flag 123 4.021 8.46 42.6 20.0 22.86 
  LSD 0.66 0.62 8.1   
  Prob < 0.001 < 0.001 < 0.001   
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Cereals deficient in potassium are more susceptible 
to some leaf diseases 
Ross Brennan and Kith Jayasena, Department of Agriculture, WA; Albany 
SUMMARY 
K deficient cereals are more prone to foliar leaf diseases reducing grain yields.  The application of K 
fertiliser from nil K to adequate amounts (40 kg K/ha) significantly decreased the per cent leaf area 
diseased for spot-type net blotch, and powdery mildew of barley.  For barley, the per cent leaf area 
diseased by powdery mildew was affected by the source of K fertiliser.  The chloride source 
significantly reduced the per cent leaf area diseased at the lower amounts (10 and 20 kg K/ha) of K 
fertiliser applied.  The two sources of K (KCl, or K2SO4) gave significantly different yield response 
curves where powdery mildew was present.  K fertiliser had no effect on the per cent leaf area 
diseased by rust for either wheat or barley. 
INTRODUCTION  
Potassium (K) deficiency is common for the sandy soils requiring fertiliser K for profitable cereal grain 
production.  Marginal and deficient concentrations of K in plants increase plant susceptibility to foliar 
leaf diseases by influencing biochemical processes and tissue structure.  K deficient plants have 
higher concentrations of sugars and amino acids, source of energy for many pathogens, compared to 
plants with adequate K.  K adequate plants also have stronger cuticles and thicker outer epidermal 
walls that make it more difficult for conidia to penetrate into the cell.  Therefore, K functions within the 
plant have an important role in determining the improved resistance of K adequate plants to diseases.  
A range of leaf disease of barley, powdery mildew (Blumeria graminis f. sp. hordei) and spot- type net 
blotch (Drechslera teres f. maculata are found within WA and cause severe grain yield losses in the 
areas were K deficiency is prevalent.  Wheat leaf diseases studied in this work were septoria nodorum 
(Stagonospora nodorum), powdery mildew (Blumeria graminis f. sp. tritici) and leaf rust (Puccinia 
recondita). 
MATERIALS AND METHODS 
There experiments done in the medium rainfall (> 450 < 650 mm average per year) regions and where 
the Colwell soil test K in the top 10 cm of soil were < 50 mg/kg.  The experiments comprised of four 
amounts of K, two sources of K (KCl, 50% K, or K2SO4, 41% K]), two levels of fungicide application 
(nil fungicide and multiple application), three replicates.  The K was applied 4-6 weeks after seedling.  
Fungicides (Tilt 250EC® (Propiconazole) and Triad 125EC® (Triadimefon) were applied in 80 L 
water/ha (fan nozzles at 0.4 m above the crop) at Gs 22, Gs 32, Gs 40 and Gs 59.  Nitrogen (N) as 
urea (46% N) was applied at 90 kg N /ha. 
RESULTS 
The yield with no K applied and the maximum yields reached were significantly lower where foliar 
diseases were present. 
Powdery mildew 
For barley, the per cent leaf area diseased by powdery mildew was affected by the source of K 
fertiliser (Figure 1).  The chloride source significantly reduced the per cent leaf area diseased by 
powdery mildew at the lower amounts (10 and 20 kg K/ha) of K fertiliser applied (Figure 1).  The 2 
sources of K gave significantly different yield responses curves where powdery mildew disease was 
present.  
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Figure 1. The percentage leaf area affected by powdery mildew of barley for potassium applied as either 
chloride or the sulphate.  Symbols (♦) chloride source, (▲) the sulfate source, (*) the multiple 
sprays. 
For spot type net blotch of barley 
The two K fertiliser sources decreased the area diseased by the same amount (Figure 2). 
Rust 
The K fertiliser had no effect on the per cent leaf area diseased by rust for either wheat or barley. 
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Figure 2. The percentage leaf area affected by spot-type net blotch of barley for potassium applied as 
either chloride or the sulphate.  Symbols (♦) chloride source; (▲) the sulfate source, (*) the 
multiple sprays. 
CONCLUSIONS 
K deficient cereals are more prone to foliar leaf diseases reducing grain yields.  In regions prone to 
leaf disease, we suggest farmers take soil samples before seeding to determine soil test K levels.  For 
cereals, K fertiliser is required when soil test K levels are < 50 mg/kg (ppm). 
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critical K, foliar diseases, soil test K 
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Responses of cereal yields to potassium fertiliser 
type, placement and timing 
Eddy Pol, CSBP Limited; Kwinana 
KEY MESSAGES 
A good supply of fertiliser potassium (K) early in the season is a key driver of cereal yields on K 
deficient soils.  Fertiliser type, placement and timing can influence plant response to the applied K.  
Incorporation of K into the rooting zone either by rainfall during the season, subsequent cultivation, or 
banding K at seeding will provide better utilisation of K than topdressing K immediately before 
seeding.  To maximise the return on applied K it is essential that other nutrients are provided in 
adequate amounts.  A common example is when nitrogen (N) is limiting yield potential then it is 
unlikely a response to applied K will be achieved. 
BACKGROUND 
Potassium use in Western Australia has been increasing due to the depletion of soil reserves by the 
removal of K in agricultural produce, especially on sandy soils where K levels were inherently low.  
Deficiencies of K are typically overcome by topdressing Muriate of Potash (MoP, KCl) before or soon 
after sowing, especially where large doses are required to ameliorate K deficient soils.  It is assumed 
that topdressed MoP is immediately available for plant uptake, however, this may not occur in all 
situations.  While MoP is the most widely used K fertiliser, several starter fertilisers containing N, 
phosphorus (P), sulphur (S) and K have recently been developed. K-Till Extra is made from KCl and 
can be used to supply maintenance amounts of K near the seed.  High rates of K-Till Extra drilled with 
the seed can result in seedling toxicity especially under marginal soil moisture.  MacroPro Extra is 
made from K2SO4 rather than KCl and hence, contains greater amounts of sulfate sulfur.  It also has a 
harder granule and superior storage and handling characteristics to K-Till Extra.  In addition, MacroPro 
is potentially less toxic than K-Till because of the lower salt index of K2SO4 compared to KCl.  Several 
cereal field trials were conducted to compare the effectiveness of various methods of applying K. 
METHOD 
Several conventional field trials compared topdressing or banding MoP with drilling or banding K in 
K-Till Extra or MacroPro Extra.  The trial plots were 2.1 m (9 rows) by 20 m long, arranged in a 
randomised block design with three replicates of each treatment.  A trial near Walebing initially looked 
at the recovery from a severe K deficiency by topdressing MoP in 2001 before focussing on K 
residuals and placement in 2002 and 2003.  The trial investigated plant uptake of K and grain yield 
from the various applications and sources of K.  A second trial at Goomalling in 2004 compared MoP 
topdressed immediately before sowing (IBS) or 6 weeks after sowing (WAS) with MoP banded at 
seeding or banding K-Till Extra or MacroPro Extra.  Measurements included the effect on plant 
weights, K uptake, and grain yield and quality.  A third trial at Tammin investigated the interaction of K 
and N applications on barley yield and returns. 
RESULTS 
Walebing  -  Effectiveness of residual K applications 
In 2001 MoP was applied to a wheat paddock exhibiting chronic K deficiency symptoms which 
increased yields from 3.27 t/ha with no applied MoP, to 4.10 t/ha and 4.50 t/ha with the application of 
50 and 100 kg/ha of MoP, respectively.  In 2002 the paddock was in pasture and all plots that received 
K the previous year produced good clover growth compared to the untreated plots.  In 2003 the 
previously untreated plots were topdressed with MoP at 50 and 100 kg/ha, or had K-Till Extra banded 
at sowing time.  The 2003 season was slightly wetter than average, although there was a dry period in 
June after sowing.  At the end of the season wheat yields increased from 4.2 to 5.3 t/ha where 
100 kg/ha MoP had been applied in 2001.  This compared to a yield of 5.0 t/ha where 100 kg/ha MoP 
was freshly topdressed in 2003 (Figure 2).  Plant testing early in the season showed reduced plant K 
levels in the freshly applied MoP treatments compared to K applied in 2001 (Figure 1).  In addition, the 
greatest early K uptake and highest yield (5.5 t/ha) was produced with 150 kg/ha K-Till Extra banded  
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plus 20 kg/ha MoP topdressed before sowing, even though the total amount of K was half that 
supplied in 100 kg/ha MoP.  This indicates that the delay in K supply during the dry June period with 
the MoP topdressed was enough to impair plant growth and reduce yields at the end of the season. 






















































































Goomalling  -  K placement and timing 
This trial compared MoP topdressed at seeding and 6 WAS with banding MoP at seeding, or banding 
the K in a compound fertiliser.  Early plant growth and K uptake increased with K banded, while MoP 
topdressed before sowing appeared relatively ineffective as a K source.  Banding K resulted in a 20% 
increase in plant weight, from 210 to 250 mg/plant, and a 10% increase in K uptake.  After a dry spring 
grain yields responded significantly to K application, increasing from 1.5 t/ha at nil K to 1.7 t/ha at 
60 kg K/ha.  Topdressing MoP 6 WAS appeared to be the least efficient application method, while 
there were no significant differences between MoP topdressed before sowing and K banded.  K-Till 
Extra and MacroPro Extra produced similar yields to MoP topdressed IBS or banded IBS.  High rates 
of MacroPro Extra and K-Till Extra (about 170 kg/ha) were drilled with the seed to demonstrate 
seedling toxicity in unreplicated plots on the end of this trial.  However, moisture conditions at sowing 
were good and no seedling toxicity was observed.  This was also the case in other trials in 2004. 
Tammin  -  K x N interactions in barley 
After a drier than average season at Tammin grain yields in this trial responded significantly to N and 
K application in a classical interaction (Figure 3).  At 31 kg N/ha, the yield response to K application 
was moderate (2.4 to 2.6 t/ha), while at 65 kg N/ha, the yield response was doubled (2.6 to 3.0 t/ha).  
Grain protein averaged 9.5% at low N and 10.0% at high N and was unaffected by the rate of K 
applied.  Screenings were too high for malting 
quality, which was common in the district given 
the dry end to the season.  Screenings 
averaged about 35% at low N and increased 
significantly to about 50% at high N.  Hectolitre 
weight increased with K application from 
64-66 kg/hL at high N and 66-67 kg/hL at low N.  
At low N the application of K resulted in reduced 
profit compared to the nil K treatment, 
essentially because money was spent on K that 
did not provide a yield response.  In contrast, 
profits were increased by about $20/ha when 
25 kg/ha K was applied either as MoP 
topdressed or K-Till Extra banded at high N.  
Profits were calculated without placing a value 
on the residual benefits of the K applied in 
subsequent years, and this probably 
disadvantaged the high K applications unfairly. 
KEY WORDS 
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Sulphate of Potash, the potash of choice at seeding 
Simon Teakle, United Farmers Co-operative; Geraldton 
KEY MESSAGES 
Potassium fertiliser drilled with the seed should be Sulphate of Potash based when seeding equipment 
is incapable of placing fertiliser away from the seed. 
Muriate of Potash fertilisers can cause severe loss in plant densities and yield when drilled with the 
seed even at low application rates. 
AIMS 
Muriate of Potash is known to have a high salt index as a fertiliser, which can reduce plant densities of 
emerging crops when placed close to germinating seedlings.  Sulphate of Potash however has a salt 
index approximately 2.5 times lower than Muriate of Potash which should reduce the risk of poor 
emergence if potassium fertiliser needs to be applied at seeding.  It is however a far more expensive 
source of potassium.  The aim of the trial was to determine if Sulphate of Potash drilled with the seed 
would not cause any significant loss in plant density and if so, will it translate into significant yield and 
economic differences when compared to Muriate of Potash. 
METHOD 
The trial was sown with farmer equipment on a grey sand in the Chapman Valley Shire, approximately 
40 km north of Geraldton.  Three replicates of three treatments were sown in plots 70 metres by 20 
metres.  All treatments had the same nutrients supplied at seeding and post seeding with the only 
difference being the source of potassium drilled with the seed. 10 kg/ha of potassium was drilled with 
the seed in two treatments, one being Muriate of Potash and the other Sulphate of Potash, and a 
control treatment had no potassium drilled with the seed. Plant densities were conducted 25 days after 
sowing.  All plots were harvested with farmer equipment and a weigh trailer was used to determine 
crop yields. 
RESULTS 
Ten kg/ha of potassium as Muriate of Potash significantly reduces plant densities, yield and gross 
returns of wheat when drilled with the seed.  There were no significant differences in screenings or 
grain protein between treatments.  Sulphate of Potash drilled with the seed produced significantly 
higher yields and plant densities than Muriate of Potash. 
Table 1. Plant density, yield, protein, screenings and gross returns of the three potassium treatments 









Control 157 1.51 10.2 1.86 272.19** 
Sulphate of Potash 151 1.57 10.2 1.04 265.63** 
Muriate of Potash 118 1.20 10.1 2.48 203.27** 
LSD (0.05) 26.61 0.32 NS NS N/A 
**  Treatment costs are subtracted from the gross returns. 
CONCLUSION 
The greater reliance on potassium fertilisers has resulted in various seeding fertilisers that contain 
potassium.  Whilst it may be necessary on some soil types to use potassium fertilisers at seeding if 
growers seeding equipment is incapable of placing the fertiliser away from the seed, then it is a wise to 
decision to use a product that contains Sulphate of Potash rather than Muriate of Potash.  Even 
though low rates of potassium may be applied at seeding this trial demonstrates that even 10 kg/ha of  
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potassium drilled with the seed as Muriate of Potash will reduce plant densities, crop yield and 
economic returns to growers.  Conditions at sowing and after sowing were very moist and less 
conducive to seedling fertiliser toxicity, yet plant densities were still reduced by drilling Muriate of 
Potash with the seed.  This indicates that in dry sowing conditions that Muriate of Potash has a greater 
potential to reduce plant densities, yield and economic returns when drilled with the seed.  Sulphate of 
Potash is certainly an economical source of potassium when drilled with the seed compared to Muriate 
of Potash.  This trial however did not show a significant response to applied potassium at seeding and 
more work must be done to determine when potassium is necessary at seeding. 
KEY WORDS 
Sulphate of Potash, Muriate of Potash, potassium, salt index 
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Essential disease management for successful barley 
production 
K. Jayasena1, R. Loughman2, C. Beard3, B. Paynter4, K. Tanaka1, G. Poulish1 
and A. Smith3, Department of Agriculture, WA; 1Albany, 2South Perth, 3Geraldton, 
4Northam 
KEY MESSAGES 
• Leaf rust and loose smut were prominent diseases in south eastern barley crops in 2004. 
• For leaf rust, results in 2004 confirm protection with foliar fungicide during later crop 
development was more beneficial than extending the protection during early development with 
long acting seeding fungicide. 
• Uniform application of seed dressings for loose smut with Baudin will help to reduce disease 
incidence in seed.  Replacement seed, sourced from lower rainfall areas, may be required if 
infection levels exceed 5% of heads. 
• In low to medium rainfall regions, conventional seed dressing (e.g. Baytan, Armour, Real) is 
essential to protect from early powdery mildew infection.  In these regions, monitor leaf disease 
in well grown crops or multiple barley crops at high risk of leaf disease.  Foliar fungicide applied 
at late stem elongation (Z35/37) can control a range of diseases of barley and subject to 
registration, may have a role in the management of net-type net blotch. 
• In high rainfall regions, optimum control of barley loose smut, powdery mildew and leaf rust can 
involve a standard smuticide on seed (e.g. Baytan, Armour, Real) and one or two foliar sprays 
to control leaf diseases in spring depending on disease pressure and weather conditions. 
• Crop rotation and adequate crop nutrition remain a key feature of minimising disease impacts 
for sustainable cropping systems in WA.  Barley grown in potassium marginal soil in high rainfall 
regions is more prone to spot-type net blotch and powdery mildew. 
DISEASE OCCURRENCE IN 2004 
In the south east, loose smut, powdery mildew and leaf rust were prominent in spring.  Wet conditions 
in 2003 influenced the disease risk in 2004.  In 2003, very high spring rainfall in southern areas 
probably contributed to the re-emergence of high levels of loose smut, predominantly observed in the 
variety Baudin.  Leaf rust carryover on volunteer barley resulted in very early occurrence of rust in 
sown crops by June and July in the Esperance region.  
The 2004 season was characterised by a dry spring.  Powdery mildew and the net blotches were 
present in most areas of the State, net blotch particularly on barley after barley.  In northern and 
central areas barley disease impacts were often limited by dry spring conditions. 
SOUTHERN AGRICULTURAL AREAS 
Four varieties and two advanced lines (Baudin, Gairdner, Hamelin, Stirling, WABAR2175 and 
WI3586-1747) were grown at Gibson under five fungicide regimes in 2004.  Some powdery mildew 
occurred but leaf rust became severe and continued to develop late into the season.  A significant 
yield response of 0.7 t/ha was observed with the application of foliar fungicide, consistent across all 
varieties (Table 1).  There was no variety x fungicide interaction (p = 0.3).  For barley leaf rust, foliar 
fungicide during mid to late crop development was more beneficial than extending the protection 
during early development with long acting seeding fungicides. 
In another trial at Gibson, except under a higher nitrogen regime, powdery mildew was the 
predominant disease.  The yield of lines susceptible to mildew (e.g. Stirling, Gairdner, Baudin) 
increased significantly by around 0.7 t/ha with application of a foliar fungicide in addition to a Baytan 
seed treatment.  The yield of lines with some resistance (e.g. Dash) was not significantly improved 
with fungicide, highlighting the importance of disease resistance genes.  Screening levels were 
reduced in all varieties with the control of leaf disease.  For varieties like Stirling and Hamelin 
screenings were reduced from 20% to 6%.  Screenings in Gairdner and Baudin were also reduced, but 
not enough to meet export malt standards due to the dry finish to the season. 
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Table 1. Effect of five fungicide treatments on yield of barley severely infected with barley leaf rust and 
some powdery mildew, Gibson, 2004 
Seeding fungicide Foliar fungicide (Tilt 250EC 250 mL) 
% Leaf rust 
6 Oct. Yield (t/ha) 
Nil Nil 33 3.85 
Jockey 450 mL/100 kg seed Nil 26 3.86 
Triadimefon 500 WP-in-furrow 200 g/ha Nil 28 3.86 
Nil 19 August and 9 September 14 4.51 
Triadimefon 500 WP-in-furrow 200 g/ha 19 August and 9 September 11 4.54 
LSD (p < 0.05)  6 0.20 
cv%  15 5 
Uniform application of seed dressings (e.g. Armour, Baytan, Real or equivalents) for loose smut with 
Baudin will help to reduce disease incidence.  Replacement seed, sourced from lower rainfall areas, 
may be required if infection levels exceed 5% of plants.  For further information refer to Farmnote 
No. 10/04 and Farm Budget Guide 2005 (page 47).  The high occurrence of loose smut in this variety 
is likely to require careful management. 
NORTHERN AGRICULTURAL AREAS 
Trials at Tenindewa and Yandanooka examined control of net-type net blotch.  At Yandanooka 
effective control of net-type net blotch was achieved with propiconazole and triadimefon foliar 
fungicide in an experiment established in a crop showing high infection under low nutrition.  At 
Tenindewa similar effects were observed in a second year barley crop, however 125 gai/ha 
propiconazole was significantly more effective than 125 gai/ha triadimefon at reducing disease 
severity.  In both locations the level of net blotch infection was at least halved by foliar fungicide 
application and a 125 gai/ha propiconazole applied at Z37 was more effective at controlling net blotch 
in September than two applications of 63 gai/ha at Z31 and Z37.  No significant yield response was 
observed at either location, due to the very dry spring finish. 
CONCLUSION 
• Crop rotation and adequate crop nutrition remain a key feature of minimising disease impacts 
for sustainable cropping systems in WA. 
• Barley should always be sown with a seed dressing fungicide for early protection from powdery 
mildew (e.g. Baytan, Armour, Real).  In Baudin a seed dressing effective for loose smut is highly 
recommended given the high levels of infection present in this variety.  In extreme cases of 
loose smut infection (> 5% heads affected), new seed may be required. 
• Fluquinconazole (e.g. Jockey seed treatment) or triadimefon applied in-furrow at seeding did not 
provide adequate control of barley leaf rust in a long season situation (fluquinconazole is not 
registered for use on barley). 
• Well grown crops of Baudin, Gairdner, Hamelin and Stirling should be monitored for possible 
spraying from early stem extension (Z31) in high rainfall or green bridge areas and late stem 
extension (Z35/37) in medium rainfall areas. 
KEY WORDS 
barley, foliar diseases, fungicides 
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Genotypic differences in potassium efficiency of 
wheat 
Paul Damon and Zed Rengel, Faculty of Natural and Agricultural Sciences, 
University of Western Australia, Crawley 
KEY MESSAGES 
Potassium efficiency is a measure of the ability of plants to produce optimal yield in soils with sub 
optimal K availability.  There are large differences between wheat varieties in potassium efficiency for 
shoot growth and grain yield and varieties efficient and inefficient for the uptake and utilisation of soil K 
have been identified.  This knowledge will assist further research into how soil K can be managed in 
WA cropping systems. 
AIMS 
Better understanding of potassium (K) cycling in soils and crops is important for improved grain 
production in WA, given the increased recognition of importance of applying K fertilisers.  Potassium 
efficiency is a measure of the ability of plants to produce optimal yield in soils with sub optimal K 
availability.  This study was aimed at identifying wheat genotypes differing in K efficiency to improve 
our knowledge of how soil K can be managed in WA cropping systems. 
METHOD 
Twelve varieties of wheat; identified as potentially efficient or inefficient for K uptake and utilisation 
from screening of 130 154 varieties in 2003, were further assessed for K efficiency in two experiments 
in 2004.  In the first experiment, 12 wheat varieties were grown to maturity in a K deficient (320 mg 
extractable K/kg soil) sandy soil in pots (5 kg soil/pot) in an evaporatively cooled glasshouse in Perth 
WA during June to October 2004.  In another experiment, the same varieties were grown in a similar K 
deficient (320 mg extractable K/kg soil) sandy soil in the field at UWA Shenton Park Research Station, 
near Perth, WA during June to October 2004.  For the field experiment the treatments were:  (i) no K 
applied; and  (ii) K applied as muriate of potash (KCl) at 100 kg/ha.  For the glasshouse experiment 
the treatments were:  (i) K applied as KCl at 15 mg K/kg soil; and  (ii) K applied as KCl at 100 mg K/kg 
soil. 
Wheat varieties may differ in their ability to take up K from soil or their ability to utilise K taken up in 
producing organic matter.  The glasshouse experiment tested the ability of varieties to utilise a limited 
amount of K in a defined volume of soil.  The field experiment tested the ability of the same varieties to 
take up K from a potentially large volume of soil with low K availability and utilise it. 
Plants were sampled at stem elongation (Zadoks 3.1; first node visible) and at maturity.  In the 
glasshouse experiment, time to stem elongation was different between varieties, and sampling was 
split into 3 sampling dates for the short-season, the mid-season and the late-maturing varieties.  In the 
field, all varieties commenced stem elongation within a one week period and were sampled at one 
sampling date. 
RESULTS 
Varieties responded differently to K fertilisation in the glasshouse experiment in terms of grain yield 
(p = 0.001), shoot weight (p = 0.026), 1000-grain weight (p = 0.001), harvest index (the proportion of 
total shoot weight allocated to grain) (p = 0.001) and number of main tillers (p = 0.004).  Varieties also 
differed significantly in K concentration in shoots at stem elongation in the field (p = 0.004) and in the 
glasshouse (p = 0.001).  There was limited response to K fertilisation at maturity in the field 
experiment, presumably due to late sowing and subsequent temperature and drought stress. 
The effect of K amendment on shoot K concentration at stem elongation differed between varieties in 
both the field (p = 0.004) and the glasshouse (p = 0.001). 
The response of varieties to K amendment was quantified as efficiency ratio (ER), which is the 
proportion of growth at adequate K which is achieved at low or suboptimal K.  There was a significant 
difference between varieties in efficiency ratio for grain yield at maturity in the glasshouse (p = 0.001)  
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and in the field (p = 0.099) and for shoot weight at stem elongation (p = 0.053) and maturity 
(p = 0.001) in the glasshouse. 
In terms of efficiency ratio, the most efficient varieties in the glasshouse were Warrigal, Nyabing and 
Carnamah for grain yield and Carnamah, Nabawa and Nyabing for total shoot weight. Nyabing was 
also efficient for grain yield and shoot weight in the field.  Nabawa was efficient for shoot weight, but 
not for grain yield.  Nyabing had a low shoot K concentration where K was adequate or suboptimal in 
the field indicating that its ability to yield well where K was limiting was not attributable to superior 
uptake, but to better utilisation of K.  The high shoot K concentration measured in the field for Warrigal 
indicates that this variety is efficient at taking up K from soil as well as being efficient at utilising limited 










Figure 1. Grain yield of wheat varieties grown in the glasshouse with K added at 15 mg K/kg soil or 
100 mg K/kg soil. 
The most inefficient varieties in the glasshouse were Gutha, Gamenya and Wawht2347 for grain yield 
and Cranbrook and Gutha for shoot weight.  Cranbrook was the least efficient variety for shoot weight 
at stem elongation and maturity in the glasshouse, but was able to produce moderate grain yield.  
Gutha and Gamenya had low K concentration in shoots in the field indicating that they were not only 
inefficient for utilisation of a limited amount of K, but also for uptake of K from a soil having low K 
availability.  Wawht2347 had a relatively high shoot K concentration in the field and in the glasshouse, 
indicating that this variety is efficient for taking up K, but inefficient at utilising it. 
CONCLUSION 
Wheat varieties differ in their capacity to take up K from soil when availability is low or to utilise a 
limited amount of K.  The low shoot K concentration and good growth (PLEASE CHECK) measured in 
the field for Nyabing, which was efficient in the glasshouse, suggests that this variety is efficient for K 
utilisation.  The high shoot K concentration in the field-grown Warrigal indicates that this variety is 
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Genotypic differences in potassium efficiency of 
barley 
Paul Damon and Zed Rengel, Faculty of Natural and Agricultural Sciences, 
University of Western Australia, Crawley 
KEY MESSAGES 
Potassium efficiency is a measure of the ability of plants to produce optimal yield in soils with sub 
optimal K availability.  There is significant variation between barley varieties in potassium efficiency for 
shoot growth and grain yield.  Barley varieties efficient and inefficient for the uptake and utilisation of 
soil K have been identified and will be used as tools to assist further research into how soil K can be 
managed in WA cropping systems. 
AIMS 
Better understanding of K cycling in soils and crops is important for improved grain production in WA, 
given the increased recognition of importance of applying K fertilisers.  This study was aimed at 
identifying barley genotypes differing in uptake and utilisation of K to improve our knowledge of how 
varieties may be utilised to manage soil K in WA cropping systems. 
METHOD 
Ten varieties of barley; identified as potentially efficient or inefficient for K uptake and utilisation from 
screening of 100 varieties in 2003, were further assessed for K efficiency in two experiments in 2004.  
In the first experiment, 10 barley varieties were grown to maturity in a K deficient (20 mg/kg soil 
extractable K) sandy soil in pots with either 20 mg K/kg (100 mg K/pot) or 174 mg K/kg (870 mg K/pot) 
added.  The experiment was conducted in an evaporatively cooled glasshouse in Perth WA during 
June to October 2004.  In another experiment, 9 of these varieties were grown in a similar K deficient 
(20 mg/kg soil extractable K) sandy soil in the field fertilised with either nil or 100 kg/ha Muriate of 
Potash (KCl) at UWA Shenton Park Research Station, near Perth, WA during June to October 2004. 
Barley varieties may differ in their capacity to take up K from soil of limited K availability or to utilise a 
small amount of K.  The glasshouse experiment tested the ability of varieties to utilise a limited amount 
of K in a defined volume of soil.  The field experiment was designed to test the ability of the same 
varieties to take up K from a large volume of soil with limited K availability and utilise K taken up.  
In both experiments, plants were sampled at stem elongation (Zadoks 3.1; first node visible) and at 
maturity.  In the glasshouse experiment, time to stem elongation was different between varieties, and 
sampling was split into two sampling dates at 10 days apart for the early-maturing and the 
late-maturing varieties.  In the field, all varieties began stem elongation within a one week period and 
were sampled at one sampling date. 
RESULTS 
Varieties responded differently to K amendment for grain yield, for 1000-grain weight (p = 0.001), 
harvest index (the proportion of total shoot weight which is grain) (p = 0.001) and number of main 
tillers (p = 0.001) in the glasshouse (p = 0.015) and in their total shoot weight in the glasshouse 
(p = 0.001) and in the field.  There was limited response to K fertilisation in the field experiment, 
presumably due to late sowing and subsequent temperature and drought stress.  
The response of varieties to K amendment was quantified as efficiency ratio (ER), which is the 
proportion of growth at adequate K which is achieved at low or suboptimal K.  There was a significant 
difference between varieties in efficiency ratio at maturity for shoot weight (p = .037), grain yield 
(p = 0.001) and 1000-grain weight (p = 0.001) in the glasshouse and for shoot weight (p = 0.051) in 
the field. 
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The effect of K amendment on shoot K content at stem elongation differed between varieties in both 
the field and the glasshouse (p = 0.001).  K amendment also affected shoot K concentration differently 
between varieties in the glasshouse.  
Potassium efficient varieties in the glasshouse were Dhow, CI9819 and Weeah for total shoot weight 
and grain yield.  Although there were no significant effects in the field, Barque, Dhow and Weeah were 
slightly above other varieties on average for efficiency ratio for shoot weight and yield.  CI9819 had a 
consistently low shoot K concentration in the field and glasshouse, indicating that it was efficient for 
utilising K, but inefficient at taking it up.  Dhow had a high shoot K concentration in the field, indicating 
efficiency in uptake and utilisation of K. 
E229 was inefficient for grain yield and shoot weight in the glasshouse.  CM72 was inefficient for grain 
yield, but not for shoot weight.  Suboptimal K availability severely affected ability to produce grain for 
this variety, whereas shoot growth was not as severely affected.  
Figure 1. Efficiency ratios for grain yield for barley varieties grown in the glasshouse with 20 mg K/kg 
soil and 174 mg K/kg soil.  The interval limited by dotted lines was constructed by adding and 
subtracting one standard deviation from the median value.  Efficiency ratio is grain yield at 
20 mg K/grain yield at 174 mg K.  Error bars are standard deviations of means. 
CONCLUSION 
Varieties have been identified which are efficient and inefficient for K uptake and utilisation.  Further 
research will attempt to identify the mechanisms of these differences and how these differences can 
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Investigating timing of nitrogen application in wheat 
Darshan Sharma and Lionel Martin, Department of Agriculture, WA and Muresk 
Institute of Agriculture, Curtin University of Technology; Northam 
KEY MESSAGES 
Despite visual differences during early crop growth, split application did not show any benefits at 
Northam in 2004. 
There was a strong possibility that heavy rain following an application of N at the four-leaf stage 
leached N from the root zone, thus precluding any yield response.  We thus conclude that timing of 
deferred N applications should be related to both crop growth stage and to rainfall events. 
No varietal interactions in respect of yield response to N were evident.  
AIMS 
One of the methods used to minimise leaching of nitrogen on sandy soils in the high rainfall zone 
could be to split or defer N application to the wheat crop.  Timing of N application considers both crop 
needs and loss of N from the root zone to optimise grain yield, grain quality and ultimately to maximise 
profits.  Since varieties differ in phenological development and grain yield structure, the aim of the 
experiment was to determine if varieties would differ in response to timing of N application. 
METHOD 
Four wheat varieties, namely, Carnamah, EGA Bonnie Rock, GBA Ruby and Wyalkatchem, were 
sown in a randomised split block design with N treatments as main plots and varieties as subplots in a 
small plot (28.8 m2) experiment over barley stubble on a sandy duplex soil at Muresk in 2004.  Eight 
combinations of doses and timings were tested, the timings being Z-0 (at seeding), Z-14 (four leaves 
emerged) and Z-65 (mid anthesis).  Calender dates for the three timings were:  10 June, 5 July and 
14 October.  The Z-0 and Z-14 applications were made with urea while flexi-N was used for the last 
application. 
Data on grain yield, grain yield components, grain quality and nitrogen uptake were recorded and 
analysed using Genstat. 
RESULTS 
The overall rainfall pattern at the experimental site did not cause leaching of the N applied at seeding, 
but the dose applied at Z-14 was followed by heavy rains within a week.  The application at Z65 was 
followed by dry weather (Figure 1). 
Treatments wherein N application was deferred (esp. 0-50-0) appeared relatively greener and 
healthier until ear emergence in comparison to treatments where the same amount was applied at 
seeding (50-0-0).  The differences disappeared later in the season. 
No varietal interactions were evident for grain yield, yield components or grain quality.  Split 
application did not show any grain yield benefits.  The results suggest that the total pre-anthesis 
application was most important; and among treatments with the same level of pre-anthesis application, 
the treatments with the greater application at seeding yielded the most (Figure 2). 
The number of heads/m2 was greatest with all N applied at seeding, followed by treatments where the 
N was split or deferred, almost exactly mirroring the grain yield responses (data not shown).  Heavy 
rains following Z-14 application probably washed out N from the root zone thus adversely affecting 
tillering.  This suggests that deferred N applications should also be timed according to leaching rainfall 
events as well as growth stage of the crop. 
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CONCLUSION 
Efficient nitrogen fertilisation is crucial for economic wheat production.  Although split application was 
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Figure 2. Grain yield of four wheat varieties with eight strategies of N application at Muresk in 2004.  
The three numbers separated by hyphens in the figure represent the kilograms of N applied at 
the three growth stages, Z0 (at seeding), Z14 (four leaves emerged) and Z60 (anthesis). 
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Nutrient timing and requirements for increased crop 
yields in the high rainfall cropping zone 
Narelle Hill1, Ron McTaggart2, Dr Wal Anderson2 and Ray Tugwell1, Department 
of Agriculture, WA; 1Katanning and 2Albany 
KEY MESSAGES 
Applying nitrogen (N) tactically (at seeding, after high rainfall and at flag emergence) and applying 
phosphorus (P) and potassium (K) at seeding increased crop yields by 79% at Boscabel and 100% at 
Orchid Valley.  Applying N tactically and P at seeding increased crop yields by 75%  There was a 
response to the application of P at Orchid Valley, but not the other sites, and no sites responded to K.  
Grain quality was increased with the addition of nutrients, increasing marketability and net returns over 
both the control and farmer practice.  Lower than average rainfall in 2004 ensured only a small amount 
of water was ever present in the root zone.  However, tactically application of N easily justified the 
practice at all sites.  Potential yields were not attained at any sites, possibly a result of the rainfall 
pattern during the season, root disease, low pH and low plant numbers at Boscabel, water in the root 
zone at Jingalup and low P at Orchid Valley. 
BACKGROUND AND AIMS 
Approximately 3.7 million ha of freehold land is used for agriculture in the high rainfall cropping zone of 
Western Australia, and 864,000 ha is sown to annual grain crops each year.  Soils in the zone have 
low water holding capacities, are highly leached, many have clays rich in aluminium and iron oxides, 
and low cation exchange capacities (CEC).  These properties affect the availability of nutrients in the 
root zone of the crop, and plant uptake for growth and crop yield.  For example, many soils can lose 
up to 50% of Nitrogen (N) through loss or leaching out of the root zone under waterlogging conditions 
and trials conducted in 2003 showed that timing N according to soil and weather conditions can 
increase wheat yields by up to 60%.  Many soils also have clays rich in aluminium and iron oxides, 
which reduce the availability of Phosphorus (P) for plant uptake.  These soils retain or ‘fix’ more P than 
other soils and fertiliser-P is rapidly converted to less available forms.  A lot of soils also have low 
available Potassium (K), low cation exchange capacity (CEC) and reduced ability to store K, thus large 
applications are likely to be used inefficiently by the plant and lost by leaching.  The aim of this trial is 
to find the most economical N and P application time on different soil types in the high rainfall zone 
and to determine yield and quality responses to additional N, P and K.   
METHOD 
Three farm scale crop nutrition trials were sown in 2004 at Andover, Boscabel (GSR (Apr.-Oct.) = 
373 mm), Yeenyellup, Jingalup (GSR (Apr.-Oct.) = 398 mm) and Koja, Orchid Valley (GSR (Apr.-Oct.) 
= 488 mm), all following canola in 2001.  The soil tests in the top 0-10 cm and 10-20 cm are in 
Table 2. 
Calingiri wheat was sown at Boscabel (Bb) on 2 June and at Jingalup (Jp) on 1 June 2004.  Baudin 
barley was sown at Orchid Valley (OV) on 22 May.  All trials were sown at 110 kg/ha with farmer 
seeding implements using knife points with 18 cm spacings.  Six nutrition treatment plots were sown 
and each plot split in half with either plus or minus potassium (K) (12 treatments altogether).  Nutrients 
were either spread on the surface before seeding (K, N, S) or deep banded (P) at the rates in Table 1, 
with extra N spread as urea at six weeks (split N) or ‘tactically’ after major rainfall (Tactical N), extra P 
spread at six weeks (split P) and extra trace elements applied at 10 weeks post sowing.  Plants were 
analysed for nutrient levels prior to all N and P applications.  The sites had sufficient of all other 
nutrients (S and trace elements) to ensure they would not limit yield.  Insects, diseases and weeds 
were controlled before and throughout the growing season to ensure only water and nutrients limited 
crop yield and quality.  Two dip wells were inserted into each plot of the first replicate immediately after 
seeding.  Rainfall, yield and quality, plant tissue nutrients and free water in the root zone were 
measured. 
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Table 1. Nutrition treatments, rates (kg/ha) and costs/ha ($) (relative to control) of wheat and barley 
nutrition trials in 2004 
No. Nutrition treatment Nutrients and rates (kg/ha) Nutrient cost/ha ($) 
1. Phosphorus at seeding (As P) 50P, 2.4S, 39 Ca 107 
2. P and potassium (K) at seeding (As P + K) 50P, 60K, 3.5S, 39 Ca 158 
3. Control (Sulphur and traces) *  See below 0 
4. Control, K 60K, 1S 51 
5. Nitrogen (N) split seeding and 6 weeks (Sp N), As P  160N, 50P, 2.5S, 39 Ca 239 
6. Sp N, As P, K 160N, 50P, 60K, 3.5S, 39 Ca 290 
7. Sp N, P split at seeding and 6 weeks (Sp P) 160N, 50P, 2.5S, 39 Ca 239 
8. Sp N, Sp P, K 160N, 50P, 60K, 3.5S, 39 Ca 290 
9. N at seeding and after major rainfall (Tactical N), As P 160N, 50P, 2.5S, 39 Ca 239 
10. Tactical N, As P, K 160N, 50P, 60K, 3.5S, 39 Ca 290 
11. Tactical N, Sp P 160N, 50P, 2.5S, 39 Ca 239 
12. Tactical N, Sp P, K 160N, 50P, 60K, 3.5S, 39 Ca 290 
13. Farmer practice 
Boscabel  –  55 N, 17 P, 16 K, 11 S, 0.5 Ca, 0.5 Cu, 0.5 Zn 
Jingalup  –  45 N, 17 P, 7 S, 0.4 Cu, 0.1 Zn 





*  All plots basal – Traces - 1.5 Cu, 1 Zn, 4 Mn, 0.7Mo ($166/ha).  22S, 27Ca – ($2/ha) 
Table 2. Pre sowing soil test results for 0-10 cm at all sites 
N NH4 P K Site Soil type pH CaCl2 
OC 
% Ppm 
S Fe PRI 
Boscabel Sandy loam 4.5 1.8 5 3 15 36 7.5 178  
Jingalup Loamy sand 5.2 2.9 25 2 36 81 21 1593  
Orchid Valley Loamy sand 5 4.1 2 6 23 98 8.3 1409 364 
RESULTS 
Rainfall and free water in root zone 
Growing season rainfall was below average, with 373 mm for Boscabel, 398 mm for Jingalup and 
488 mm for Orchid Valley.  The main deficiencies were in July, September and October at all sites, but 
rainfall was above average for May and June. 
Water in the root zone (depth to water less than 30 cm below the soil surface) was measured from 
21 July until 7 September and occurred once at Boscabel (12 August), three times at Jingalup 
(26 July, 12 August and 25 August) and once at Orchid Valley (25 August).  On 26 July, the post 
seeding ‘split N’ and ‘split P’ treatments were applied.  On that date, water was present in the root 
zone at Jingalup, and the first ‘tactical N’ was applied to that site.  Additional ‘tactical N’ was applied to 
all sites on 25 August.  No more water was present after this, and the final ‘tactical N’ application was 
16 September, coinciding with flag emergence. 
Plant numbers 
Plant numbers at the Boscabel site were very low, with Nil N and Nil P treatment having 195 plants/m2; 
significantly greater than nutrition treatments (140/m2 for Tactical N, As P).  Average plant numbers for 
the Jingalup and Orchid Valley sites were 271 plants/m2 and 347 plants/m2 respectively, with no 
difference between treatments.  A minimum of 250 plants/m2 would be required to support a yield of 
about 5 t/ha. 
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Plant analysis 
Plants were analysed twice, once before the split N application (26 July), and once before the second 
tactical N application (25 August).  On 26 July, both Boscabel and Jingalup sites showed K deficiency, 
and an additional 22 kg/ha K was topdressed to all plots on 28 August.  Boron was also critical at the 
Boscabel site and an additional 500 mL/ha Bortrac was applied.  P was low at the Orchid Valley and 
Jingalup sites for all treatments except those with P applied at sowing.  On 25 August, after split P and 
split N applications, P was still at critical levels at Orchid Valley.  The additional K alleviated the K 
deficiency on all except the As P treatment at Jingalup and Zn was marginal at the Jingalup and 
Orchid Valley sites. 
Grain yield and harvest index 
There was an increase in grain yield with added nutrients at all sites (Table 3).  The highest yields 
were attained with the Tactical N, As P plus K and Sp N, Sp P treatments at Boscabel (both 3.4 t/ha); 
the Tactical N, As P at Jingalup (4.2 t/ha) and the Tactical N, As P plus K treatment at Orchid Valley 
(4.9 t/ha), an increase of 1.5 t/ha, 1.8 t/ha and 2.5 t/ha at the sites respectively.  The biggest response 
was due to the addition of Tactical N and As P for both Jingalup and Orchid Valley, but N as either 
‘tactical’ or ‘split’ and P as either ‘split’ or ‘at sowing’ at Boscabel.  There was a significant increase in 
grain yield with the addition of P compared to the control at Orchid Valley, and a small, but insignificant 
increase with P and K at Jingalup (Table 3).  There were no significant yield increases due to K.  
Farmer fertiliser strategies had lower yields than the nutrition treatments with paddock averages of 
2.4 t/ha at Boscabel, 3.8 t/ha at Jingalup and 3.5 t/ha at Orchid Valley (Results not shown). 
Table 3 shows that the increase in grain yield for the extra nutrition treatments was a result of 
increased grains/head for the Tactical N, As P plus K treatment (45 vs 31 (Control + K)) at Boscabel, 
although there was an non significant increase in head number/m2 for the Sp N, Sp P treatment (340 
vs 210 for Control + K)).  At Jingalup, the increase in grain yield was a result of increased grains/head 
(52 vs 34 (Control +K)) and due to an increase in head number/m2 at Orchid Valley (817/m2 vs 378/m2 
(Control)).  Grain weight was not increased with nutrition. 
Table 3. Nutrition on heads/m2, grains/head and grain yield (t/ha) at Boscabel (Bb), Jingalup (Jnlp) and 
Orchid Valley (OV) wheat and barley trials in 2004 
Treatment Heads/m2 Grains/hd Grain yield (t/ha) 
Site Bb Jp OV Bb Jp OV Bb Jp OV 
Control (Sulphur and traces) 215 314 378 31 40 20 2.0 2.4 2.6 
Control, K 210 309 444 31 34 22 1.9 3.1 2.4 
Phosphorus (P) at seeding (As P) 224 351 384 34 41 20 2.0 3.5 3.7 
P and potassium (K) at seeding (As P + K) 246 444 542 33 36 24 2.3 3.6 3.6 
Nitrogen (N) split at seeding and 6 weeks (Sp N), As P 329 363 815 37 39 24 2.8 3.8 4.3 
Sp N, As P, K 352 481 804 33 48 21 3.2 3.9 4.4 
Sp N, P split at seeding a 6 weeks (Sp P) 340 436 759 40 40 23 3.4 4.1 4.0 
Sp N, Sp P, K 244 465 821 38 47 23 3.1 4.0 4.3 
N at seeding, again after major rainfall (Tactical N), As P 288 376 809 37 52 22 2.9 4.2 4.3 
Tactical N, As P, K 297 496 817 45 41 22 3.4 3.5 4.9 
Tactical N, Sp P 256 478 735 39 42 19 2.5 3.2 4.1 
Tactical N, Sp P, K 260 520 665 47 43 23 3.1 3.7 4.1 
LSD 99 210 280 11 10 5 0.9 0.9 0.9 
Grain quality 
Protein (%) for Calingiri wheat at Boscabel ranged from 8% to 10.4%, with only Tactical N, As P 
(10.4%) and Tactical N, Sp P plus K (10.1%) in the 9.5 to 11.5% noodle segregation range.  Protein 
levels for Calingiri wheat at Jingalup ranged from 8.6% to 11.8% and only Split N treatments and 
tactical N treatments (excluding Tactical N, As P) were in the noodle segregation.  Protein levels for 
the Baudin barley at Orchid Valley ranged from 8.8% to 11.9%, with only Split N treatments and 
tactical N treatments (excluding Tactical N, Sp P plus K) in the 9.5 to 11.5% protein range for malting 
barley.  Screenings (%) were low for the Calingiri wheat, 2.7% to 3.8% at Boscabel and 0.9% to 2.1% 
at Jingalup.  Screenings (%) ranged from 3.2% (control) to 24% (Tactical N, As P) at Orchid Valley. 
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Actual vs potential yields and economics 
The highest yields at all three sites were well below the potential as calculated by the French and 
Schulz method.  However, the most recent data from the area suggests that losses of water by deep 
drainage, surface evaporation and run-off may be much greater than the average value of 110 mm 
(H. Zhang, per. comm.).  Thus the highest yields at the sites may not be so far below the potential as 
at first appearance.  At Boscabel (highest yield 3.4 t/ha), the low soil pH of 4.5), low plant numbers at 
the beginning of the season, and reduced heads/m2 at harvest (below 4-500/m2, as required for 
potential yield) would have also reduced yields.  At Orchid Valley, applying N tactically, and later in the 
season led to increased crop yields due to the higher rainfall, longer season and N allowing plant head 
retention.  Low P in the plant analysis on 25 August and significant responses in grain yield to P at 
sowing show that this may have limited crop yield.  It is not obvious at Jingalup why yield potential was 
not realised, except that heads/m2 may have limited yield.  This may have been due to waterlogging, 
as significant rainfall occurred in June and August, potentially causing loss of N applied, reducing 
tillers and thus yield potential. 
Although potential yields were not attained in 2004, it was still economical to increase nutrition.  At 
$234/t for noodle wheat, paying the extra $290 for inputs at Boscabel and $239 at Jingalup gave an 
extra $61 at Boscabel and $182 over the lowest yielding treatments, and an extra $46 net return over 
the farmer treatment at Boscabel and an extra $78 net return at Jingalup.  At $190/t for malting barley, 
paying the extra $290 gave an extra $475 over the lowest yielding treatment and an extra $70 net 
return over the farmer treatment at Orchid Valley. 
CONCLUSION 
The most significant increase in grain yield was from the application of Tactical N, As P plus K at 
Boscabel (and Sp N, Sp P) and Orchid Valley, and Tactical N, As P at Jingalup.  There was a 
response to the application of P at Orchid Valley, but not the other sites.  No sites responded to the 
application of K. 
Grain quality and net returns were increased with the addition of nutrients.  Even though there was 
only a small amount of excess water in the root zone that could potentially limit crop production, 
tactically applying N, applying P at sowing and adding K was easily justified at all sites (only tactical N 
and P at sowing at Jingalup) in 2004.  Higher grain yields could potentially be achieved at these sites, 
even if allowance is made for greater losses than the conventional 110 mm.  Root disease, low pH and 
low plant numbers at Boscabel, excess water in the root zone at Jingalup and low P at Orchid Valley 
may have limited crop yields. 
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Integrate strategies to manage stripe rust risk 
Geoff Thomas1, Robert Loughman1, Ciara Beard2, Kith Jayasena3 and Manisha 
Shankar1, Department of Agriculture, WA; 1South Perth, 2Geraldton and 3Albany 
TAKE HOME MESSAGES 
• Destroy self sown wheat at young stages well in advance of seeding. 
• Using varieties with some resistance (MS or better, avoiding S-VS) will reduce stripe rust 
infection in the cropping season and reduce green bridge carryover next season. 
• In green bridge and adjacent areas, avoid risk of early infection on VS-MR varieties (CVT rating 
2-6) with early season fungicide, particularly when sowing early. 
• Partly resistant varieties develop resistance increasingly from late stem elongation to 
heading/flowering.  Requirement for fungicide protection later in the season will be considerably 
lower for varieties with adult plant resistance. 
• Active monitoring with a view to the timely application of foliar fungicides is important for 
protection of S-VS varieties, particularly in long season environments. 
INTRODUCTION 
Wheat stripe rust (Puccinia striformis f.sp. tritici) was particularly severe in many parts of Western 
Australia during 2004.  Early disease spread resulted in widespread occurrence of stripe rust, but 
impacts in some areas were limited by drought.  Trial and crop observations in 2004 reinforced key 
points related to the biology and management of stripe rust.  
• There is a strong association between ‘green bridge’ areas and foci of epidemics.  
• Rapid stripe rust development in susceptible varieties necessitates rapid management 
responses on discovery. 
• An adaptive preference for cool conditions makes stripe rust most prevalent during winter and 
early spring but importance reduces rapidly in dry warmer conditions. 
• There are benefits of integrated management combining variety resistance and fungicide at 
seeding or foliar sprays.  
INTEGRATED MANAGEMENT OF STRIPE RUST 
The impact of stripe rust can be reduced through an integrated approach encompassing green bridge 
management, variety choice, seed dressing or in-furrow fungicides, crop monitoring and foliar 
fungicides. 
Green bridge induces early severe stripe rust 
The overlap of summer volunteer or autumn sown susceptible wheat with conventional wheat 
plantings in winter was a crucial factor in establishing early severe infection in many parts of Australia 
in 2004.  This was particularly the case in the Merredin and Esperance districts where stripe rust was 
initially hosted and spread in mid-July by regrowth of self-sown VS varieties and a VS variety sown 
without seed treatment 4-6 weeks prior to mainstream crops.  
Destroy self sown wheat at young stages well in advance of seeding as rain leading into a cropping 
season increases susceptible regrowth that supports stripe rust and allows very early sowing 
opportunities. 
Resistant varieties  
Varieties may express a range of resistance in three broad categories: 
Highly resistant (R-VR), resist stripe rust at all plant stages from seedling to adult (e.g. Mira, 
Figure 1).  Develop very little stripe rust and will not require fungicide for this disease.  Breeders do not 
rely on highly expressed resistance to stripe rust because it is normally based on single gene 
resistance and experience around the world has shown single gene resistance to stripe rust breaks 
down faster than for other rust diseases. 
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Partly resistant (I-MR) (e.g. Wyalkatchem, Figure 1), susceptible at young crop stages and gradually 
increasing in resistance as the crop develops during late stem elongation, expressing maximum adult 
plant resistance (APR) around heading/flowering (Figure 1).  These varieties will exhibit the disease 
but generally develop stripe rust more slowly than susceptible varieties.  Performance can be subject 
to disease pressure, showing higher levels of disease development when subject to early or high 
spore loads compared to situations where stripe rust comes in later. 
Very susceptible to susceptible (VS-MS) (e.g. Bonnie Rock, Figure 1), these varieties remain 
susceptible to infection throughout the growing season and can sustain significant yield losses.  
Infection can build up extremely rapidly (Table 1) resulting in significant multiplication of inoculum in a 
short period.  This promotes and sustains epidemic development and provides more opportunities for 
the pathogen to evolve new pathotypes.  Stripe rust is more difficult to control with fungicides in S and 
VS varieties. 
In a 2004 experiment at Medina, varieties with varying levels of resistance were exposed to low, 
moderate and high stripe rust pressure (Figure 1).  Measurements were made at two weekly intervals 
on the top two fully expanded leaves (concluding with flag and flag-1 on 7 October).  The variety Mira 
(R) exhibited resistance at all stages of development and remained almost free of infection under all 
disease intensities.  Conversely EGA Bonnie Rock (VS) was susceptible at all stages and infection 
built up rapidly resulting in significant multiplication of inoculum in a short period.  Disease severity in 
Wyalkatchem (Int) was significantly less than EGA Bonnie Rock at all levels of inoculum and infection 























Figure 1. The effect of resistance on stripe rust severity on the top two fully expanded leaves 
(concluding with flag and flag-1 on 7 October) of three wheat varieties at Medina (WA) at three 
sampling dates.  (a) Low;  b) Moderate; and  c) High inoculum pressure . 
As varieties with improved resistance to stripe rust become available and adopted by industry there 
will be a reduced overall industry risk from stripe rust.  For example in WA in the 1990s a new strain of 
leaf rust became established affecting the predominant varieties.  Now as new varieties with improved 
resistance have been adopted the occurrence of leaf rust has been much lower over the last five 
years.  Similarly in eastern Australia stripe rust was effectively managed for 20 years with the use of 
resistant varieties prior to the arrival of the current strain with additional virulence. 
Early season protection (seed, fertiliser treatment or foliar spray) – when and what 
Different treatments offer varying lengths of protection from a few weeks to past flag leaf emergence.  
Such treatments can provide sufficient protection to delay and reduce the requirement for fungicide 
sprays later in the season.  The decision on whether to use seed dressings or in-furrow fungicides 
should be based on the likelihood of early rust infection, primarily determined by the proximity of a 
green bridge and to some extent by variety susceptibility.  Always use a seeding fungicide (seed 
dressing or in-furrow application) on susceptible to moderately resistant varieties in areas near to 
where volunteers have been growing over summer, particularly when sowing early.  Other 
considerations for determining the value of seed/fertiliser treatments are the ability to spray large 
areas of crop should stripe rust develop rapidly; and the reduced management (‘peace of mind’) 
associated with having the crop protected.  An important consideration is finance - the expense of 
spending money upfront for an undetermined risk.  Some seed and fertiliser treatments can also help 
manage take-all. 
If a seed or fertiliser treatment is not used for stripe rust suppression in at-risk crops then careful 
monitoring and early fungicide applications are critical. 
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In experiments in 2004, pre-seeding fungicides significantly reduced disease under different infection 
scenarios.  At Merredin and Mount Barker stripe rust became apparent at booting (GS45) (Table 1).  
At Merredin significant reductions in incidence were evident at early head emergence (14 weeks after 
sowing).  These effects were still evident for a further two weeks (early flowering, GS61) when drought 
prevented further stripe rust development.  Significant product differentiation existed in stripe rust 
incidence at this late stage.  Impact-in-furrow and Jockey seed treatment were the most effective 
seeding treatments while a ‘preventative’ fungicide spray at first node (GS31) or an ‘eradicant’ spray at 
full flowering (GS59) also reduced disease incidence and severity.  At Mount Barker, Jockey or a 
single fungicide application at flag leaf emergence (GS37) were still providing significant protection at 
late grain fill (GS85), 19 weeks after planting.  At Manjimup pre-seeding fungicides provided early 
protection, but in a situation of continued influx of spores from nearby infection, follow up control with 
foliar fungicide was required.  Effective early and follow up protection increased yield from 1.0 t/ha to 
2.7-3.7 t/ha and optimum control and maximum yield benefit was obtained with two fungicide sprays.  
Table 1. Effect of a range of seed, in-furrow and foliar fungicides on stripe rust incidence and severity 
at Merredin, Mount Barker and Manjimup, 2004 







% Stripe rust severity 













Untreated seed 20 59 5.5 21 9 35 
Real 150 g/100 kg seed 5 42 1.5 20 - - 
Real 150 g + Tilt @ Time 2 - - - - 5 21 
Jockey® @ 450 mL/100 kg seed  1 12 0.5 7 - - 
Jockey 450 mL +Tilt @ Time 2 - - - - 1 18 
Triad 500 in-furrow @ 200 g/ha 3 27 0.4 20 - - 
Triad 500 IF 200 g/ha + Tilt @ Time 2 - - - - 1 17 
Impact 250 in-furrow + Tilt @ Time 2 1 2 0.0 - 2 20 
Impact 250 in-furrow @ 400 g/ha 0 6 0.2 15 2 25 
Tilt 250 mL/ha @ Time 1 5 35 1.1 7 8 18 
Tilt 250 mL/ha @ Time 2 24 18 0.6 - 6 26 
Tilt 250 mL/ha @ Time 1 and Time 2 4 6 0.3 - 8 11 
Jockey 450 mL + Tilt @ Time 1 and Time 2 1 2 0.1 2 3 10 
LSD (0.05) 7 12 2.0 6 2 4 
Spraying dates: 
Merredin – Time 1 = 23/8 (GS31), Time 2 = 28/9 (GS59) 
Mount Barker – Time 1 = 20/9 (GS37) 
Manjimup – Time 1 = 22/8 (GS31), Time 2 = 14/10 (GS45/49) 
Foliar fungicides – when, what and how much 
Fungicide effectiveness depends on the level of infection at the time of application, the susceptibility of 
the variety, and to a lesser extent the rate and product used.  Therefore timing of chemical application 
in relation to disease development is critical.  Good results can be achieved with standard fungicide 
rates, particularly if applied at the very earliest signs of the disease. 
In experiments with very susceptible varieties at Merredin, Avondale (2004) and South Stirlings 
(2002), foliar fungicides significantly reduced stripe rust severity (Table 2, Figure 2).  At Merredin and 
South Stirlings, the duration of protection was around three to five weeks.  Merredin suffered a very 
dry finish to the 2004 season and fungicide differences in disease control reflected modest yield 
increases of 0.2-0.3 t/ha from an unprotected yield of 1.1 t/ha.  Seven weeks after spraying at South 
Stirlings, infection severity had risen in all spray treatments.  South Stirlings had a favourable seasonal 
finish and all fungicide treatments significantly increased yield by 0.4-0.9 t/ha from an unprotected 
yield of 2.4 t/ha. 
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Figure 2. The effect of a range of foliar fungicides at 62 and 125 gai/ha on flag leaf area affected by 
stripe rust;  a) South Stirlings, 2002; and  b) Merredin 2004. 
At Avondale application of fungicide at full head emergence resulted in a reduction in leaf and head 
infection and significantly increased yield.  Applications made during and after flowering were not as 
effective (Table 2).  When infection levels became high, which occurred extremely rapidly at this site, 
fungicide sprays did not control infection well.  Application to highly infected flag leaves (severity 44%) 
only marginally reduced disease severity compared to the effect from a spray one week earlier when 
severity was 7% (Table 2) reinforcing the importance of timely application, at the earliest stage of 
detection.  Monitoring crops in at-risk areas is an important element of early detection. 
Table 2. Effect of application time of Impact foliar fungicide (500 mL/ha) on stripe rust severity on 
leaves and heads, and yield of Brookton wheat (VS) at Avondale, 2004 
Stripe rust 
severity Flag (%) 
Stripe rust 




Untreated 60 36 2.22 
T1 – Full heading 12 16 2.55 
T2 – Full flowering 48 25 2.34 
T3 – Grain development - 35 2.17 
Full control (T1+T2+T3) 13 8 2.72 
LSD (0.05) 16 10 0.24 
Spray dates:  T1 ~ 4/10 (GS59), T2 ~ 13/10 (GS69), T3 ~ 22/10 (GS72). 
Flag leaf severity at spray dates – T1 = 7%, T2 = 44%, T3 = 60% 
INTERACTION OF STRIPE RUST CONTROL WITH OTHER DISEASES 
Stripe rust can be very damaging, however it is one of a range of diseases which can impact on wheat 
production.  The choice of variety and other integrated management techniques should as much as 
possible take into account the range of disease threats.  In many cases the strategies adopted to 
manage stripe rust will help to minimise the impact of other diseases. 
• Seed dressings for stripe rust also control smuts and bunts (fertiliser treatments do not control 
bunts and smuts and a low cost seed treatment is still recommended).  
• Jockey® and Impact® in-furrow also help control take-all and may be of benefit in multiple 
cereal crops where medium to high take-all levels can be present. 
• Foliar fungicide applied for stripe rust will help control other foliar diseases.  Assessment of 
disease risks at the time of spraying can influence product choice. 
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Effect of primary inoculum level of stripe rust on 
variety response in wheat 
Manisha Shankar, John Majewski and Robert Loughman, Department of 
Agriculture, WA; South Perth 
KEY MESSAGES 
Reduced early stripe rust pressure was very important for varieties that lacked resistance at young 
plant stages and was particularly important in susceptible varieties like EGA Bonnie Rock and H45 
where infection built-up very rapidly at moderate to high levels of initial inoculum. 
The amount of initial inoculum had a major effect on the rate of stripe rust development in susceptible 
varieties and no effect on a resistant variety.  
In intermediately resistant varieties like Wyalkatchem, high inoculum pressure resulted in significant 
rise in disease severity at early stages of plant growth but infection diminished after the expression of 
adult plant resistance. 
Head infection with stripe rust mirrored the susceptibility to leaf infection.  At moderate to high 
inoculum levels, varieties with partial resistance developed significantly less head infection, sustained 
higher hectolitre weight and lower screenings than susceptible varieties. 
AIM 
To determine the effect of primary inoculum level of stripe rust on response in wheat varieties differing 
in resistance. 
BACKGROUND 
Disease epidemiology of stripe rust for local varieties needs better understanding.  The progress of 
this semi-systemic polycyclic disease depends on host susceptibility, meteorological conditions and 
the amount and timing of the initial infection.  A better understanding of variety responses under 
varying early stripe rust pressure will enable better disease management. 
METHOD 
Six wheat varieties ranging in levels of resistance to stripe rust but similar in time of heading were 
used in this study:  EGA Bonnie Rock and H45 (susceptible), Carnamah (moderately susceptible), 
EGA Castle Rock, Wyalkatchem (intermediate) and Mira (resistant).  The experiment was sown is a 
randomised split-plot design with four replications at Medina Research Station on 25 June 2004.  The 
sub-plots constituted the varieties each sown in four 2 m long rows spaced 22 cm apart and 
surrounded by four rows of barley buffer.  Seeding rate was 2 g/m.  Main plots comprised of the 
following four levels of inoculum pressure: 
• High:  Six infected seedlings of susceptible variety Harrismith, transplanted on 2 August into the 
two central rows, spaced 30 cm apart. 
• Moderate:  Two infected seedlings of susceptible variety Harrismith, transplanted on 2 August 
into the two central rows, spaced 100 cm apart. 
• Low:  Uninoculated (natural spread from neighbouring infected plots). 
• Nil:  Uninoculated and Folicur fungicide treated (1 mL/L) on 9, 20 and 30 August. 
Severity of stripe rust was estimated on upper canopy leaves from all tillers in one central row.  
Measurements were made five weeks after introduction of transplants and then at fortnightly intervals 
till maximum disease had reached flag leaves of very susceptible varieties.  Severity of head infection 
was measured at growth stage Zadoks 85 (soft 4 dough development).  The two central rows were 
hand harvested at maturity and hectolitre weight and percentage screenings determined. 
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Disease was well established by growth stage Zadoks 45 (booting), five weeks after transplanting.  
Low initial inoculum resulted in significantly lower levels of disease in all varieties compared to 
moderate and high inoculum (Figure 1).  Variety Mira exhibited resistance at all stages of development 
and remained almost free of disease under all inoculum intensities.  EGA Bonnie Rock and H45 
showed high disease severity, especially at moderate and high inoculum levels where infection 
developed rapidly resulting in heavy spore production on leaves.  Disease severity in varieties 
Carnamah, Wyalkatchem and Castle Rock was significantly less than Bonnie Rock and H45 at all 
inoculum levels.  High inoculum pressure resulted in significant rise in disease severity in these three 
varieties as compared to moderate inoculum pressure on 23 September.  However, disease severity 
diminished under high inoculum pressure with enhanced expression of adult plant resistance after 
head emergence. 
Head and grain responses 
At high primary inoculum levels, all varieties except Mira developed severe head infection (> 20% 
severity) and levels on H45 and EGA Bonnie Rock were very severe (Figure 2).  At moderate primary 
inoculum levels, head infection of Wyalkatchem and EGA Castle Rock was significantly less than H45 
or EGA Bonnie Rock.  Low level of primary inoculum resulted in significantly low levels of head 
infection in all varieties.  Screenings  increased significantly with increase in primary inoculum levels 
for H45, EGA Bonnie Rock and Carnamah but not for Castle Rock, Wyalkatchem or Mira.  Hectolitre 
weight in H45 and EGA Bonnie Rock was significantly reduced with moderate to high inoculum while 
other varieties were not significantly affected. 
CONCLUSIONS 
Reducing risk of early infection (e.g. through green bridge management and seeding fungicide) is 
critical with susceptible varieties but can also reduce impacts from stripe rust for varieties with partial 
resistance.  With moderate to high inoculum levels, effects of partial resistance were evident from 
booting and increased after head emergence, diminishing the need for fungicide protection from stripe 
rust during grain filling. 
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Figure 1. Effect of primary inoculum level of 
stripe rust on progress of leaf 
infection in wheat varieties.  Bars 
denote LSD (p < 0.05). 
Figure 2. Effect of primary inoculum level of 
stripe rust on severity of head 
infection in wheat varieties.  Bar 
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Disease resistance update for wheat varieties in WA 
M. Shankar, J.M. Majewski, D. Foster, H. Golzar, J. Piotrowski and 
R. Loughman, Department of Agriculture, WA; South Perth 
KEY MESSAGES 
• In 2004 stripe rust was detected in early July and became wide spread throughout the State by 
late spring.  Reports of stem rust and leaf rust were relatively few. 
• Testing on WA rust samples at the Australian Cereal Rust Control Program, Sydney, did not 
show any new pathotypes of stripe, stem or leaf rust in 2004. 
• Adult plant resistance in varieties such as Wyalkatchem reduced the impact of stripe rust in 
2004. 
• Early yellow spot and Septoria diseases were found in paddocks of wheat sown after wheat. 
DISEASE OCCURRENCE IN WA IN 2004 
Wheat stripe rust – Puccinia striiformis f.sp. tritici 
Stripe rust was detected in early July (as compared to early September in 2003) east-south-east of 
Merredin in a Westonia crop.  There was a rapid increase in findings of the disease from July through 
to mid-August with sightings from areas around Esperance, east of Merredin and Hyden.  During 
end-August stripe rust was found in the new areas of Koorda and Bencubbin; a distance of over 
100 km from its first findings east of Merredin.  By mid-September the disease had moved quickly from 
its eastern and south-eastern base to central and northern regions.  It continued to be found at low 
levels into the Northern Agricultural Region in October and by this time the disease had also 
progressed into the glumes in early affected crops. 
• Wyalkatchem resistance (intermediate) remains effective.  This variety exhibited a low 
frequency of plants showing symptoms more typical of a susceptible reaction.  These low 
frequency plants most likely represent some residual variation for stripe rust response present in 
Wyalkatchem, which was bred and released before stripe rust occurred in WA. 
• EGA Castle Rock showed responses ranging from intermediate to moderately susceptible.  This 
variety is a Cascades type with stripe rust resistance derived from Cook.  Stripe rust resistance 
in Cook is more strongly expressed at warmer temperatures.  It is possible that some of the 
variation in response of EGA Castle Rock to stripe rust is due to reduced expression of adult 
plant resistance at cooler temperatures. 
• Expression of adult plant resistance in GBA Sapphire and EGA Jittarning appears to vary with 
seasonal conditions or disease load more typical of intermediate than moderately resistant 
varieties. 
Wheat stem rust - Puccinia graminis f.sp. tritici 
Stem rust was sighted in the second week of July on volunteer Halberd wheat growing on last year’s 
wheat stubble paddocks in Bullfinch.  In early August there were reports of stem rust on a crop of 
Spear growing on the edge of the cropping belt near Koolyanobbing and on a small area of self sown 
Halberd wheat near Bullfinch.  In mid-late September stem rust was found on Camm wheat 45 km 
east of Esperance and in crops of Arrino, Calingiri and Westonia at Tardun.  In general stem rust 
occurrences were much fewer than last year. 
• The strain of stem rust detected on Wyalkatchem in 2003 was not detected in the wheatbelt in 
2004 but remains a significant threat to this variety.  The response of Wyalkatchem to this strain 
was confirmed as susceptible (CVT score 3) in field tests. 
• GBA Shenton, tested in CVT for the first time in 2004, has been found to be susceptible (CVT 
score 3) to stem rust. 
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Wheat leaf rust - Puccinia triticina 
Leaf rust was sighted as early as 1 July in a Camm wheat crop in the Holt rock region.  However, there 
were very few reports of leaf rust occurrences throughout the season and levels of infection remained 
significantly low.  The biggest influence with respect to low impact of leaf rust is the reduction in the 
areas sown to leaf rust susceptible varieties in recent years, resulting in much lower initial build up of 
rust inoculum loads than would have occurred under equivalent seasonal conditions five to 10 years 
ago. 
Wheat leaf spot diseases 
High frequency of yellow spot and septoria nodorum blotch was reported on some eastern wheatbelt 
crops.  These were mostly found in paddocks with wheat on wheat crop rotations that provided a high 
level of disease inoculum from last year’s stubble.  Impacts from these diseases were low in a spring 
with below average rainfall. 
KEY WORDS 
disease resistance, wheat varieties 
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DISEASE RESISTANCE OF WHEAT VARIETIES – FEBRUARY 2005 
1-9 scale: 1 = Extremely susceptible 4 = Moderately susceptible 7 = Resistant 
 2 = Very susceptible 5 = Intermediate  8 = Highly resistant 




















Annuello A - 5p 4p 7 5p 7 - 6p 
Arrino 4 4 4 3 4p 3 5 3 
Blade 5 3 4 7 6 5 - 7 
Brookton 4 3 7 7 2 4 2 3 
Cadoux 4 3 3 3 3 4 4 3 
Calingiri 4 4 4 3 4 6 4 7 
Camm A 4 3 3 3 7 3 4 7 
Carnamah A 5 3 5 7 4 5 3 4 
Cascades 5 6 6 6 3 3 4 5 
Clearfield JNZ A 4 6 4 8 5 8* 5 - 
Clearfield STL A 3 3 3 7 4 3 4 - 
Corrigin 3 6 3 2 3 2 4 6 
Cunderdin 5 3 6 4/7 4p 7 3 7 
Datatine  4 4 4 8 4p 8* 4 7 
EGA 2248 A 4 3 3 6 4 3 3 3 
EGA Blanco A 6 3 5 6 4 5 2 3 
EGA Bonnie Rock A 4 3 5 4 3 7 3 2 
EGA Castle Rock A 4 5 4 8 5p 8* 4 3 
EGA Eagle Rock A 4 3 3 8 5p 7 4 3p 
EGA Jitarning A 4 4 4 8 5p 8* 5 6 
Eradu 3 3 3 6 3p 3 5 3 
Frame 4 3 3 7 5 5 5 7 
GBA Ruby A - 3p 5-6 6p 7p 5-6p - 4p 
GBA Sapphire A - 4p 3p 8p 6p 8* - 6p 
GBA Shenton A - 3p 4p 3 6p 7 - 6p 
Halberd 2 3 2 2/7 5 6 4 6 
Harrismith A 3 6 3 8 2 8* 3 7 
H45 A 3p 2p 5p 8/5 2 7 3 - 
Janz 3 6 3 8 6 8* 4 6 
Kalannie 3 3 2 3 2p 3 3 6 
Kamillaroi Durum 3p 6 5p 7 7 7p 6 - 
Machete 4 4 3 7 4 4 4 3 
Mitre A 3p 4 3 8 5 8* 3 7p 
Nyabing 4 5 4 7 2 7* 3 3 
Perenjori 5 4 5 6 5 5 4 7 
Spear 4 4 3 3/7 4 3 3 6 
Stiletto 4 4 3 6 4 3 4 3 
Sunco 4 4 3 8 6 8* 6 5 
Tamaroi A Durum 3 6 6 7 6 6 5 7 
Tincurrin 3 3 3 2 3 2 4 4 
WAWHT2499 A 3p 3p 3p 4 6p 5 3p 7 
Westonia 4/5 3 5 2 2 4 3 4 
Wilgoyne 3 3 3 7 7 5 4 8 
Wollaroi A Durum 3 6 6 7 6 7 5 - 
Wyalkatchem A 5 3 6 3/6 5 7 4 3 
Yallaroi Durum 3p 6 5p 7 7 7p 6 - 
Yitpi A 4p 4p 3 3 6 5 6 7p 
No score (-) means no rating is currently available. 
p Provisional assessment. 
/ Scores separated by a '/' indicate the response to alternate strains of stem rust existing in WA. 
- Scores separated by a '-' indicate the range of rust response observed under different disease pressures and 
different environments. 
* Some races in Eastern States can attack these varieties. 
A After variety name indicates variety is protected by plant breeder rights. 
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Big droplets for wheat fungicides 
Rob Grima, Agronomist, Elders; Mingenew 
KEY MESSAGES 
• Altering boom spray set up to allow for larger droplets increased whole plant leaf coverage and 
increased yield in one out of two years. 
• Increasing water rate increased yield in one out of two years.  
• Fungicide application with large droplets and high water rates will suit a range of season 
endings.  
BACKGROUND 
Wheat diseases have become more prevalent in recent seasons in the northern agricultural region 
(NAR).  Farmer focus on potential yield losses due to leaf diseases has increased, hence fungicides 
have become part of many farmers programmes.  Until recently most farmers were applying their 
fungicides using planes or their existing boom, most likely still set up for their post emergent herbicide 
applications.  That is they had a fine droplet spectrum provided by small nozzles (110015 flat fan) with 
high pressure (350 kPa plus) and low water rates (less than 50 L/ha).  Some growers use large 
wheeled self-propelled sprayer, yet do not utilise the advantages they offer for application changes.  
Recent information has suggested more yield is attributed from leaves lower in the canopy (down to 
flag-3) than previously thought.  This questions the role of some canopy penetration with fungicides to 
protect these yield contributing leaves, rather than just flag leaf. 
AIMS 
To assess implications of application technology changes to fungicide efficacy. 
METHOD 
One trial was conducted in 2003, and two others in 2004 assessing a range of changes in application 
parameters (Tables 2 and 3).  The results from the 2003 trial and only one trial in 2004 are presented 
due to the lack of disease eventuating at the second site in 2004.  All treatments were sprayed at Z39 
wheat growth stage.  Water volume changes were achieved by altering ground speed. 
Table 1. Trial sites, fungicides used, diseases present and disease levels for both seasons 
2003 2004 Variety 
Wyalkatchem Carnamah 
Fungicide/rate per ha Propaconazole - 250 mL Tebuconazole - 145 mL 
Primary disease Leaf rust Septoria Nodorum 
Secondary disease Septoria Nodorum Yellow Spot 
Disease levels (% leaf area) Flag 1 1 
 F-1 10 5 
 F-2 20 10 
RESULTS 
In 2003, optimal fungicidal application was 
gained from larger water droplets primarily, with 
lower water rate yielding more than the higher 
water rate (Table 2).  In 2004, water droplet size 
had no influence on yield (F. pr = 0.547), but 
higher yield was associated with increasing water 
rate (Tables 3 and 4).  The increase in yield was 
approximately 20 kg/ha per 10 L of water. 
Table 4. Effect of water rate in fungicidal 
application on grain yield in 2003 






F pr. 0.04 
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1 UTC - - 3.449a 517  UTC - - - 2.63a 581 
2 110015 240 50 3.702a 555  100002 400 40 27 2.74a 585 
3 110015 240 100 3.711a 556  110002 400 60 18 2.85b 611 
4 110015 400 50 3.683a 552  110002 400 80 13 2.89b 617 
5 110015 400 100 3.681a 552  110002 400 100 10.9 2.86b 614 
6 11003 160 50 4.037c 605  110003 150 40 12.6 2.70a 586 
7 11003 160 100 3.698a 554  110003 150 60 8.4 2.81b 616 
8 11003 300 50 4.004c 600  110003 150 80 6 2.85b 616 
9 11003 300 100 3.718b 557  110003 150 100 4.8 2.82b 611 
   LSD P < 0.05 0.264   LSD P < 0.05  0.135  
# Net margin is $/ha calculated by gross returns (yield by quality, supplied by AWB golden rewards) less costs 
where application costs are $4 or $8/ha depending on water rate, and fungicide costs @ $10/ha. 
CONCLUSION 
The results from different seasons offer conflicting evidence to the optimal method of fungicide 
application.  In 2003, the largest yield response was from an application providing a droplet spectrum 
with larger droplets, which consequently offered more coverage of leaves lower down in the canopy.  
In 2004, the largest yield response was from increasing water volume, and altering droplets made no 
difference.  This suggests that protection further down the canopy offered little in yield response in 
2004.  Two possible reasons could suggest why. 
Season 2003 offered one of the best end of season conditions in living memory, with exceptional 
rainfall and a cool climate.  This offered a great opportunity for disease propagation.  Yield contribution 
from leaves low in the canopy was significant as they did not senesce rapidly.  Season 2004 was in 
stark contrast with a very dry finish in which plants senesced faster than in 2003.  This reduced the 
possibility of yield attribution from lower canopy leaves and hence their protection from disease 
provided little benefit.  This was confounded with a comparative lower incidence of disease in 2004.  
Diseases present were also different between seasons.  2003 had a large level of leaf rust as well as 
septoria nodorum, whereas 2004 season only had septoria nodorum and yellow spot at low levels in 
the crop.  
It appears that the season ending may determine the level of response gained from any application 
type.  This research suggests that high water rates are beneficial for seasons with a dry finish while 
there is no downside to applying fungicides in large droplets.  Applying fungicides in large droplets is 
beneficial in seasons with high disease levels and a wet finish.  Therefore, these trials suggest that 
applying fungicides in large droplets at water rates between 60-80 L/ha will be beneficial in a range of 
seasons in the Mingenew area.  Other farming districts may benefit from similar research.  
KEY WORDS 
disease, application, fungicides, droplet spectrum, water rate 
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On farm research to investigate fungicide 
applications to minimise leaf disease impacts in 
wheat 
Jeff Russell and Angie Roe, Department of Agriculture, WA and Farm Focus 
Consultants; Northam 
KEY MESSAGES 
Fungicides applied at seeding, either as a seed treatment or in furrow, have an application in 
improving wheat yields even in years of low stripe rust disease pressure. 
Stripe rust management is yet to be comprehensively understood. 
AIMS 
Stripe rust (Puccinia striiformis f.sp. tritici) is a new disease that wheat growers in the State of Western 
Australia have had to contend with.  The first reported recent outbreaks of this disease in the State 
occurred in late August 2002.  In 2003 cautionary advice was given to help growers minimise disease 
impacts through the use of fungicide seed dressings and follow up foliar spray applications.  There 
was a dearth of knowledge about the disease’s activity leading into the 2003 season or its likely 
impacts on wheat crops grown for that season. 
Members of the Kellerberrin Farm Demonstration Group decided to implement an on farm research 
(OFR) activity to explore methods of crop protection using different fungicides and times of application 
to assist them in disease management decision making.  As it turned out stripe rust disease activity 
proved to be very low during the 2003 season while crop yields were well above the average. 
METHOD 
Impact® (ai flutriafol; 370 mL/ha) and Triad® (ai triadimefon; 200 g/ha) were sown down as fertiliser 
treatments at seeding of wheat cv. Calingiri, in 600 m strips with an airseeder.  A nil treatment was 
included, and all three treatments were replicated four times.  Tilt® (ai propiconazole) was then 
applied with a boom spray at 130 mL/ha across the centre half of the site at the Z32 – 33 stage 
(10 September 2003).  The resulting cris-cross block design gave a mirror image effect and helped to 
counter any likely influence of fertility gradients across the paddock.  In all eight replicates of each 
treatment combination was then imposed on the site with a useful degree of randomisation. 
Plant density counts were measured of the initial seeding treatments on the site and tiller density 
counts occurred prior to the foliar sprays being applied.  A disease rating of each of the flag and top 
three leaves was recorded at the same time that tiller density was recorded.  At harvest, 
measurements were made of the plot yields and resultant grain quality.  Statistical analysis of the 
results were performed using Genstat through the assistance of the Department’s Biometrics Branch. 
RESULTS 
The application of fungicides at seeding did not have any effect on plant density or tiller number 
(Table 1).  Neither were there any significant effects on the level of disease affecting the crop as 
determined from the visual disease ratings.  Leaf disease was observed to be generally greater where 
no seeding fungicide had been applied. 
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Table 1. Crop density measurements and leaf disease ratings as visual estimates of disease cover of 










Flag leaf Flag -1 Flag -2 Flag -3 
Nil 86.0 234.0 0.92 1.50 3.83 40.7 
Impact 88.2 256.2 0.67 1.33 3.83 31.6 
Triad 80.1 260.3 0.67 1.17 4.08 34.1 
LSD (5%) 16.8 45.1 0.46 1.10 2.59 52.97 
It was discovered that the fungicide applications at seeding did produce a highly significant (p < 0.05) 
yield increase at harvest though it is not evident in association with the foliar treatment (Table 2).  
Foliar application of fungicide later in the season also indicated a benefit particularly where Impact® 
had been applied at seeding.  Grain protein increased by 0.5% where Tilt® had been applied. 
Table 2. Harvest yield (kg/ha) and grain quality attributes resulting from the fungicide treatments 
applied 







Nil 3206 10.9 76.6 2.23 
Impact + Nil 3289 11.0 77.2 2.14 
Triad + Nil 3222 10.8 77.8 2.37 
Nil + Tilt 3158 11.6 76.3 2.80 
Impact + Tilt 3298 11.4 76.8 2.40 
Triad + Tilt 3258 11.3 76.7 2.79 
LSD (p < 0.05) 180 0.63 1.3 0.85 
CONCLUSION 
The results show that using a seeding fungicide gives you more grain at the end of the season.  Given 
the crop yields being in excess of 3 t/ha, this yield increase is small at around 3.5%. 
The results show significant (p = 0.05) though small yield improvements to be attributed to fungicides 
applied at seeding.  Flutriafol improved yields by 112 kg/ha on average overall.  This equated to about 
$23.50 (the then port equivalent) which pays for the seeding fungicide application. 
The plots that had triadimefon also gave greater grain yields than the plots that had no fungicide at 
seeding. 
Applying the foliar fungicide may be less convincing economically, especially if a seeding treatment 
has been applied.  This work may suggest that the ‘healthier’ plants, due to early protection, were able 
to finish the season off better to deliver the higher proteins observed. 
More research and detailed observation is required to refine foliar application rules.  Low leaf disease 
measures made it difficult to assess rules for foliar application of fungicide. 
KEY WORDS 
stripe rust, wheat, fungicides 
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Rotations for nematode management 
Vivien A. Vanstone, Sean J. Kelly, Helen F. Hunter and Mena C. Gilchrist, 
Department of Agriculture, WA; South Perth 
KEY MESSAGES 
• Become familiar with root and crop symptoms associated with nematode damage. 
• Make use of available testing services to determine nematode species and levels, but be aware 
that PreDicta-B™ cannot currently detect some of the nematodes present in WA crops. 
• AGWEST Plant Laboratories can conduct in-season nematode diagnosis. 
• Pratylenchus neglectus is the predominant species of RLN in WA cropping paddocks.  Intensive 
cereal cropping is likely to lead to increase in levels, so these should be monitored. 
• Although not resistant to P. neglectus, there is useful variation in susceptibility between cereal 
cultivars that can be exploited to manage nematode levels. 
• Field pea, faba bean and most lupin cultivars are resistant to P. neglectus so will effectively 
reduce levels of this nematode when used in rotations. 
• Where present, Cereal Cyst Nematode will build-up under intensive cereal cropping. 
• Crop ROTATION is the key to reducing nematode levels and the damage these pests cause. 
• Consider the influence of soil nematode levels not only on the current, but also on subsequent, 
crops in the rotation. 
AIMS 
So that appropriate rotational recommendations can be made to enable effective management of Root 




RLN levels in a range of DAWA Crop Variety Testing (CVT) and Pulse trials were assessed over the 
2003 and 2004 cropping seasons.  Initial and final nematode populations from soil are determined 
immediately following sowing and in mid-Spring, respectively.  From this, the nematode multiplication 
rate over the growing season is calculated.  A multiplication rate of > 1 indicates host susceptibility, 
and < 1 resistance.  End of season results for 2004 are not yet available. 
To assess occurrence and impact of Cereal Cyst Nematode (CCN) and the Burrowing Nematode 
(Radopholus), crops were sampled and inspected at various locations during 2004. 
Glasshouse trial 
Ability of crop species and cultivars to host the RLN P. penetrans was investigated using naturally 




In both 2003 (Table 1) and in 2004 (Table 2), 63% of sampled sites were infested with one or more 
species of RLN.  P. neglectus, identified in 38-40% of samples, is the predominant RLN, followed by 
P. teres (3-8%).  P. penetrans was identified at two sites (Narrogin and Mt Barker) during 2003. 
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Table 1. Identity and levels of Root Lesion Nematode (RLN, Pratylenchus) species identified at 182 
Western Australian trial sites at sowing in 2003 
Number of sites 
RLN/g dry soil 
at sowing 
Total number 
of sites P. neglectus P. teres P. penetrans A Mixed 
B No. 
i.d. 
> 10 5 (3%) 1 - 1 2 - 
3 – 10 14 (8%) 9 - - 5 - 
1 – 2 16 (9%) 12 3 1 1 - 
< 1 80 (44%) 48 12 - 4 16 













A ‘Mixed’ = P. neglectus and/or P. teres and/or P. penetrans and/or P. thornei. 
B ‘No i.d.’ = no adults present for identification. 
Table 2 Identity and levels of Root Lesion Nematode (RLN, Pratylenchus) species identified at 126 
Western Australian trial sites at sowing in 2004.  RLN levels and species identified for all CVT 
trial sites assessed can be found in the 2004 Crop Variety Testing Trial Results (J. Garlinge 
et al., DAWA, Feb. 2005) 
Number of sites RLN/g dry soil 
at sowing Total number of sites P. neglectus P. teres A Mixed B No i.d. 
> 10 12 (10%) 12 - - - 
3 – 10 19 (15%) 16 - 2 1 
1 – 2 11   (9%) 8 1 2 - 
< 1 38 (30%) 14 3 1 20 











A ‘Mixed’ = P. neglectus + P. teres or P. neglectus + P. thornei  
B ‘No i.d.’ = no adults present for identification. 
Pratylenchus neglectus 
For P. neglectus, nematode multiplication rates during 2003 indicated resistance for all tested cultivars 
of field pea and faba bean.  Overall, lupin was resistant, but Mandelup and Belara resulted in a 
nematode multiplication rate > 1.  Oat and barley had moderate multiplication rates, while all cultivars 
of chickpea, canola and wheat were susceptible.  Although there are no resistant cultivars within these 
susceptible crops, there is variation in cultivar susceptibility (Table 3).  Nematodes will still continue to 
multiply on the ‘most resistant’ cultivars, but levels will be lower relative to those which are ‘most 
susceptible’. 
Table 3. Multiplication rates and resistance ratings recorded for P. neglectus in 2003.  ‘Most resistant’ 





Rating for  
P. neglectus 




Field pea 0.38 Resistant - - 
Faba 
bean 
0.21 Resistant - - 
Lupin 0.98 Resistant - Mandelup, Belara 
Oat 1.6 Moderate Quoll, Potoroo, Mortlock, 
Needilup 
Dalyup, Wandering 
Barley 6.0 Moderate Gairdner, Barque, Baudin, 
WABAR2250 
Hamelin, Harrington 
Chickpea 7.0 Susceptible Sonali, WACPE2098 Howzat, Sona 
Canola 7.9 Susceptible Pinnacle, ATR Grace ATR Hyden, ATR Beacon 
Wheat 45.1 Susceptible 
Wyalkatchem, Cascades, 
GBA Ruby, EGA Eagle 
Rock, WAWHT2499 
Brookton, EGA Blanco, 
Reeves, Machete, 
Carnamah, Westonia 
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Pratylenchus teres 
More data are required for this RLN species, but trial assessments in 2003 indicated that crop reaction 
may vary compared to that for P. neglectus.  Oat, with a multiplication rate of 8.1, and lupin (1.6) may 
be more susceptible to P. teres than to P. neglectus.  Mandelup, Danja, Quillinock and Kalya lupin 
were susceptible to P. teres, while Belara, Wonga, Myallie, Merrit and Tanjil were resistant. 
Pratylenchus penetrans 
P. penetrans occurs infrequently and is not usually associated with cereal cropping rotations.  
However, significant damage was observed at Narrogin to the roots of wheat and oat in 2003. 
While field pea is resistant to P. neglectus (Table 4), results from Mt Barker (Table 5) indicate that this 
crop is more susceptible to P. penetrans. 
Table 4. P. neglectus multiplication rates for pea cultivars at 4 sites in 2003.  At sowing, initial 




Scaddan Muresk Borden Lake King 
Kaspa 0.81 0.08 0.61 0.28 
Dundale 0.30 0.12 0.74 0.55 
Dunwa 0.34 0.05 0.58 0.15 
Parafield 0.11 0.09 0.30 0.13 
Helena - A 0.05 0.44 0.49 
Sturt - - - 0.07 
Cooke - - - 0.32 
Snowpeak - - - 1.02 
Mean 0.34 0.08 0.58 0.38 
A Cultivar not assessed at this site. 
Table 5. P. penetrans multiplication rates for pea cultivars at Mt Barker, 2003.  At sowing, initial 
P. penetrans density was 1.7/g dry soil 










LSD (p = 0.05) 3.3 
Plants grown in the glasshouse in soil from Narrogin infested with P. penetrans were assessed for 
ability to host this RLN.  Durum, wheat, lupin and chickpea were the most susceptible (Table 6).  Field 
pea and faba bean were also susceptible.  Barley and canola were the least susceptible. 
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Table 6. P. penetrans multiplication rates for crops grown in 750 g pots of infested field soil in the 
glasshouse for 11 weeks.  Initial nematode density was 0.5 RLN/g dry soil 





Field pea 5.4 





LSD (0.05) 2.1 
Cereal Cyst Nematode 
Unlike the RLN species, CCN infects only cereals and other grasses (particularly wild oat).  Non-cereal 
crops will not host CCN. 
CCN was detected on cereals during 2004 in the Northern (Northampton, Geraldton, Dongara areas) 
and Central (York, Northam area) Agricultural Regions.  In come cases, these nematodes have 
reached high population levels, significantly impacting on crop yields.  Of particular concern is the 
severity of CCN observed on wheat and oat in some areas, suggesting that there has been 
development of these nematode populations over a number of years.  Growth of successive 
susceptible cereal crops leads to build-up in CCN populations where the nematode is present.   
Resistance and tolerance of cereal cultivars to CCN is presented in Appendix 1. 
Management recommendations for CCN 
• Become familiar with the distinctive root and crop symptoms caused by this nematode pest. 
• Where CCN is present, avoid susceptible cereals. 
• Since most WA cereal cultivars (apart from Doolup barley) are susceptible to CCN, it may be 
necessary to sacrifice cereal production in favour of a non-host crop (e.g. canola, lupin) where 
CCN occurs at high levels. 
• Alternatively, there are resistant cultivars that have been developed in SA or Victoria.  Tests will 
be conducted with colleagues at SARDI Adelaide to ensure that cultivar reactions to WA CCN 
will be the same as for SA CCN.   
• It is advisable that cultivars with both resistance and tolerance are used.  Resistance will limit 
nematode multiplication, while tolerance also ensures that the crop is not damaged.  This is 
particularly important for oat cultivars, since many that are resistant to CCN are intolerant.  
However, most barley cultivars, including some that are susceptible, are tolerant.   
• Growth of a resistant or non-host crop for at least 2 seasons may be needed where high levels 
of this nematode have developed. 
• Control susceptible cereal volunteers and grassy weeds (especially wild oat). 
• Continue to monitor nematode levels and manage populations with appropriate rotations. 
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Burrowing nematode 
Since 1998, Radopholus has been sporadically detected in WA broadacre crops.  This nematode was 
again detected during 2004 in cereal crops in the Wyalkatchem, Wongan Hills, Mingenew, Mullewa 
and Meckering areas.  This nematode is not usually associated with cereal cropping rotations, and has 
not been detected in broadacre crops elsewhere in Australia. 
Patches of stunted plants have been observed in heavily infested crops.  Plants from within patches 
can contain as many as 200,000 nematodes per gram of root.  Patches could be mistaken for 
Rhizoctonia Root Rot, unless roots are carefully examined, and/or sent to a laboratory for identification 
of the causal organism(s).  However, not all infestations of Burrowing Nematode will result in the 
appearance of patches. 
Root symptoms at early stages of infection, or at lower nematode levels, can appear similar to those 
caused by RLN.  It is therefore important that correct laboratory diagnosis is carried out on suspect 
plants.  The PreDicta-B™ test is not yet able to detect Radopholus, but this nematode can be 
diagnosed by AGWEST Plant Laboratories. 
Root symptoms at high levels of infection include:  browning and distortion of the entire root system, 
absence of lateral root branches, and the roots may appear swollen.   
We cannot yet advise on rotations for management of Burrowing Nematode as host range and crop 
resistance/susceptibility to this nematode needs to be clarified.  Glasshouse trials will be conducted 
using infested field soil or cultured nematodes to investigate its preferred hosts, and we will be 
establishing field trials in coming seasons. 
CONCLUSIONS 
P. neglectus is the predominant species of RLN in WA cropping areas.  Field pea, faba bean and most 
lupin cultivars are resistant, so will reduce levels of this nematode if used in rotations where 
P. neglectus has been identified at moderate-high levels.  Oat and barley are moderately susceptible, 
while chickpea, canola and wheat are susceptible.  However, within the moderate and susceptible 
crop species there are cultivars (e.g. Gairdner, Barque, Wyalkatchem) that will lead to lower nematode 
levels relative to the most susceptible cultivars (e.g. Hamelin, Brookton, Machete, Carnamah, 
Westonia).  With judicious cultivar choice, cereals can be grown where P. neglectus has been 
identified, although nematode levels should be monitored. 
P. teres has been identified from less than 10% of sites sampled.  However, crop reactions to this RLN 
are likely to vary from those recorded for P. neglectus.  Correct diagnosis is therefore important when 
devising rotational strategies for management of RLN.  Oat and lupin, for example, are more 
susceptible to P. teres than they are to P. neglectus.  Some lupin cultivars may be less effective at 
reducing P. teres levels. 
P. penetrans occurs infrequently, but can cause significant crop damage.  Some of the crops resistant 
to P. neglectus (e.g. field pea, lupin, faba bean) may be more susceptible to P. penetrans. 
Cereal Cyst Nematode is readily managed through rotations incorporating resistant or non-host crops.   
Burrowing Nematode has been identified sporadically in association with severe damage to wheat and 
barley crops.  Further testing is required to determine crops and cultivars useful for management of 
this nematode.  
Different nematode species have different host preferences so, to be effective, rotations need to be 
tailored to the predominant nematode present. 
In collaboration with colleagues at SARDI Adelaide and at CSIRO Canberra, we are assisting in the 
development and validation of additional diagnostic probes for the PreDicta-B™ test.  This will not only 
aid in our research, but ensure that the diversity of nematodes relevant to WA cropping systems will 
be more reliably detected in the future. 
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APPENDIX 1 
Resistance and tolerance of cereal cultivars to CCN.  Adapted from SARDI/PIRSA ‘Cereal variety 
disease guide 2004’, FS 7/86/04 and ‘Managing CCN with high value cereals’, Jon Lamb 
Communications. 
S = Susceptible, R = Resistant, I = Intolerant, T = Tolerant, M = Moderately, V = Very, - = no results 
available. 
Cultivar Resistance Tolerance  Cultivar Resistance Tolerance 
WHEAT    OAT   
Anlace S MT  Bettong R VI 
Annuello R -  Brusher R MI 
Babbler S -  Echidna S VI 
Barunga R MT  Eurabbie MS MI 
Bonnie Rock S -  Euro R VI 
Bowie MR-MS MT  Glider MS I 
Buckley R MT  Hotham R I 
Camm S -  Marloo R MT 
Carnamah S -  Mortlock MS I 
Cascades S -  Numbat S I 
Chara R I  Potoroo R T 
Drysdale S -  Possum VS I 
Frame MR T-MT  Quoll S I 
GBA Ruby - -  Swan  R VI 
GBA Sapphire S -  Wallaroo R MT 
H45 S I  Wintaroo R MT 
Janz S I     
Krichauff S MT  DURUM MR-MS - 
Kukri S I     
Machete S I  TRITICALE   
Pugsley MS -  Abacus S T 
Silverstar R I  Credit S T 
Trident S MT  Tickit R - 
Westonia S -  Tahara  R T 
Wyalkatchem S -  Treat MS - 
Yitpi MR MT     
    RYE R T 
BARLEY   
Barque R T 
Baudin S T 
Chebec R T 
Dhow R T 
Doolup R - 
Gairdner S T 
Keel R T 
Mundah S T 
Schooner S T 
Sloop S T 
Sloop SA R T 
Sloop Vic R T 
Torrens R T 
Maritime R T 
Capstan R T 
WI3408 R T 
WI3586 R T 
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Investigation into the adequacy of sealed farm silos 
in Western Australia to control phosphine-resistant 
Rhyzopertha dominica 
C.R. Newman, Department of Agriculture; Forrestfield 
KEY MESSAGE 
Phosphine is used to fumigate insects in grain stored in silos but weak phosphine resistance is 
common in Western Australia.  Strong resistant Lesser grain borer (Rhyzopertha dominica) have 
emerged in eastern Australia and it is anticipated they will be discovered in Western Australia in the 
future.  Fumigation success against strong resistant R. dominica depends on adequate phosphine 
levels being maintained within the grain mass, for long enough to kill the resident insects.  In the 
absence of gas monitoring equipment a pressure test of the silo prior to fumigation is the most reliable 
indicator of the potential for a successful fumigation. 
Farm fumigation trials were undertaken in Western Australia to investigate the adequacy of 
fumigations in sealed farm silos to control strong resistant R. dominica. 
INTRODUCTION 
Western Australian farmers control insects in grain stored in silos with phosphine gas.  Amongst the 
most damaging pests of stored grain is the lesser grain borer, Rhyzopertha dominica and weak 
phosphine resistance has been detected in many of the samples submitted for analysis in the 
Phosphine Resistance Monitoring Project funded by GRDC.  
Phosphine toxicity against insects depends on both concentration and exposure.  Fumigation success  
depends on adequate phosphine levels being maintained within the grain mass for long enough to kill 
the target insects. 
Strong resistant R. dominica need to be exposed to higher levels of phosphine to ensure complete 
control.  This can only be achieved in a storage structure tested to the recommended halving 
pressure. 
Sealed silos are common on West Australian farms, and are constructed to ensure high standards of 
gas-tightness by incorporating rubber seals on hatches and other external openings.  High levels of 
gas-tightness can only be achieved if the rubber seals are maintained in good condition.  Half-life 
pressure tests indicate the approximate gas-tightness of the silo and are recommended to exceed 
three minutes.  Phosphine concentrations from 29 fumigations in sealed farm silos were compared to 
laboratory tests on strong resistant R. dominica to estimate the likelihood of full control. 
RESULTS  
Small sealed silos of various ages and condition were tested on-farms over a two-year period.  The 
recommended procedures for farm use were followed including pressure testing and replacement of 
seals before fumigating.  
Efficacy of fumigations was estimated from the response to phosphine of mixed-age cultures of a 
strong resistant strain of R. dominica in the laboratory.  At 25 or 30ºC, this strain required nine days 
exposure to phosphine at 215 ppm. 
All silos that recorded a pressure half-life of greater that three minutes were successful in retaining gas 
above the criteria of 200 ppm for nine days.  Of the fumigations within a range of half pressure times 
from about 20 seconds to three minutes, 67% were unexpectedly successful (Figure 1).  This may be 
in part due to most silos being more than three quarters full, thereby lessening headspace pumping 
effects, and most grains were stored at temperatures similar to maximum ambient temperatures, 
lessening the expansion of the storage air.  All fumigations that failed had half pressure times of 20 
sec. or less. 
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Figure 1. Fumigation success compared to silo pressure test. 
The number of good fumigations in silos that did not reach the recommended standard may also be 
related to the difficulty of accurate measurement of gas-tightness in a sealed farm silo.  The 
recommended pressure-halving technique is imprecise in practice because it is subject to fluctuations 
in environmental conditions such as temperature and wind.  Tests conducted during the morning when 
temperatures were rising may overestimate the level of gas-tightness, because the pressure from 
heating of enclosed silo air may reach or exceed the 250 Pa test pressure.  This may explain why 
some silos with high test times failed to achieve concentrations consistent with other silos of similar 
test times.  Ideally the test is best done when conditions are constant, such as under full cloud cover or 
full sun and no wind, or if this is not possible it should at least be repeated after the maximum heating 
of the day has passed.  
Despite these difficulties, in the absence of sophisticated phosphine monitoring equipment, the test 
remains the most simple and feasible tool available for farmers to assess gas-tightness and be 
confident of an effective fumigation. 
Poor fumigation techniques are believed to be responsible for the escalating incidence of resistance to 
phosphine around the country.  Practices such as fumigating in unsealed structures, or repeated 
fumigations of the same infested bulk, have the potential to expose insects to sub lethal doses of 
phosphine. In the Eastern States of Australia, most farm silos are unsealed, and strong resistance has 
been found on farms since 1999.  In well-maintained sealed silos, selection pressure is less likely to 
be significant than in unsealed storage subjected to repeat fumigations.  
The practice of shortening the exposure time because of marketing constraints is also likely to result in 
further selection of resistant strains.  Immature stages are likely to survive despite adults being killed, 
giving only short-lived cosmetic control. 
CONCLUSION 
This trial has demonstrated that many silos present on Western Australian farms, which were installed 
as sealed units, have fallen into disrepair and are unable to retain gas to original specification.  A high 
degree of confidence can be placed in fumigations conducted in a silo with pressure half-life above 
three minutes.  This confidence is essential because few farmers possess the necessary equipment to 
monitor the fumigation. 
It is clear that some good quality fumigations may be achieved for silos with lower half-life times than 
recommended but it is not suggested there be any reduction in the current recommended standard of 
three minutes. 
With correct procedure in the application of phosphine, the farmer can ensure protection of the stored 
grain value but will also ensure there is minimal selection for resistance.   
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Insect contamination of cereal grain at harvest 
Svetlana Micic and Phil Michael, Department of Agriculture, WA; Albany 
KEY MESSAGES 
• Direct harvested grain contains significantly less insect contaminants than grains harvested 
from swaths. 
• Grain harvested at night contains more insect contaminants than grain from crops harvested 
during the day. 
• Harvester fronts do not influence the abundance of insect contaminants in grain. 
BACKGROUND 
Insect contamination of grain during harvest, especially by ground beetles such as bronzed field 
beetle, weevils, ladybird beetles and earwigs, is an increasing concern for importers of Australian 
grain.  Recent studies of the bronzed field beetle lifecycle and habits suggest that the problem is likely 
to be related to farming practices, especially swathing and soil management before seeding.  In 
particular, the level of trash retention and cultivation are likely to favour increased populations of 
bronzed field beetle.  Preliminary trials indicated that harvesting from swath lines led to greater insect 
contamination than harvesting from standing crops.   
AIMS 
To determine the impact of harvesting strategies on insect contamination in grain by comparing:  direct 
harvesting versus swathing; two types of commercial harvesting equipment ('belt pick up front' versus 
'crop lifters’); harvesting by night or day. 
METHOD 
Trials were located at Mount Barker and Esperance Downs Research Stations.  All treatments were 
applied using a farm size swather and harvester.  Swathing took place according to local commercial 
practice – before the crop was ready for direct harvest.   
Two trials were situated at each site.  Each trial had five replications in a randomised complete block 
design. Trial 1 had plots 25 m wide and 50 m long with three harvesting treatments:  A) Standing crop 
harvested;  B) Swathed crop harvested using pick-up front;  C) Swathed crop harvested using crop 
lifters. 
Trial 2 had plots 5 m wide and 25 m long with four treatments:  A) Standing crop harvested by day;  
B) Standing crop harvested by night;  C) Swathed crop harvested by day;  D) Swathed crop harvested 
by night. 
In each trial, vagrant insects including bronzed field beetle, vegetable beetle, carabids, weevils such 
as Desiantha, ladybird beetles and earwigs, were counted either under the swath or in the standing 
crop.  The swaths in each trial were sampled for vagrant insects both during the day and at night to 
determine when and where insects were present in the harvest zone.  At harvest, from Trial 1, 75 kg of 
grain from each plot was collected, from Trial 2 all of the grain was collected and the number of insect 
contaminants counted. 
RESULTS AND DISCUSSION 
Direct harvest versus swathing 
More insect contaminants were found in grain from swathed crops than grain direct harvested from 
standing crops.  Pre-harvest insect counts in Trials 1 and 2, at both sites indicated that over time, 
higher numbers of insects accumulated under swath lines than in standing crops.  Grain harvested 
from swathed treatments contained significantly more insect contaminants than grain from standing 
crops.   
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Night versus day harvest 
The time of harvest, night or day, influences the number of insects contaminating grain.  During the 
hottest part of the day most insects were found on the ground under the swath.  At night, insects 
including the bronzed field beetle were present up in the swath, off the ground.  
Crops in Trial 2 that were night harvested had more insects contaminating the grain than crops that 
were day harvested (Figure 1).  Grain from crops harvested at night may contain more insect 
contaminants regardless of whether it is a swathed crop or a standing crop. 
Figure 1:    Trial 2- Total number of insects from different 







































Pick up front versus crop lifters 
Grain from swaths harvested using crop lifters contained significantly more insects than grain 
harvested using a ‘pick up’ front at Esperance.  However, at Mt Barker there was no significant 
difference in insect contamination between the two treatments. 
Differences between the two sites may be explained by swath height.  At Esperance the swaths were 
observed to be mainly on the ground, while at Mt Barker, swaths were observed to be sitting above the 
ground.  At Mt Barker harvester fronts made no difference to yield or the amount of insect grain 
contaminants.  At Esperance, there was a 50% yield reduction with the use of a pick up front.  This 
indicates a large amount of the crop and insects were left on the ground.  
CONCLUSION 
Direct harvesting cereal crops during the day will decrease the number of insect contaminants.  If 
crops are swathed, swaths need to be placed well above ground level and harvested by day to 
decrease the number of insect contaminants.   
KEY WORDS  
insect contamination, cereal 
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Phosure – Extending the life of phosphine 
Gabrielle Coupland and Ern Kostas, Co-operative Bulk Handling; Forrestfield 
KEY MESSAGES 
• The threat of losing phosphine. 
• The current status of phosphine resistance in Western Australia and the Eastern States. 
• The consequences to the Western Australian grains industry if phosphine is lost. 
• The importance of extension in ensuring the safe and effective use of phosphine within the 
Western Australian farming community. 
• The enhancement of phosphine awareness and extension through an industry driven campaign. 
AIMS 
This paper will outline why Western Australia has been successful in slowing resistance development 
to date, and how CBH and the Department of Agriculture will continue their research and extension 
efforts to ensure the sustainable, effective and safe use of phosphine. 
INTRODUCTION 
Western Australia’s investment into sealed storage technology and it’s extension work in promoting 
safe and effective use of phosphine has placed it in an enviable position in terms of market access, 
quality product supply and its ‘clean and green’ image.  However this reliance on phosphine as the 
primary treatment for insect control has potentially placed the industry in a precarious position.  Should 
resistance develop to a degree that phosphine is no longer viable the costs associated with current 
alternative control methods would significantly increase. 
Current resistance trends 
In the Eastern States of Australia, CSIRO reports high frequencies of low level resistance to 
phosphine with some species reaching almost 100%.  The Eastern States have also discovered 
incidences of high level phosphine resistance.  These resistance trends have been linked back to 
fumigating in unsealed storages and generally poor fumigation practices. 
In WA there is approximately 40% low level resistance and, as yet, no recorded incidences of high 
level resistance.  This position has demonstrated the effectiveness of Western Australia’s investment 
into sealed storage in central storages and on-farm, and long-term extension programs.  However, the 
resistance trend is rising, highlighting the need to aggressively protect our position and ensure 
phosphine’s long term viability. 
METHOD 
CBH has launched an industry driven phosphine awareness and education campaign branded as 
‘Phosure’.  The primary objective of ‘Phosure’ is to provide an information and extension centre point 
for the Western Australian grains industry to promote, educate and protect phosphine use and viability. 
Phosure program launch 
One of the key factors identified to the success of the ‘Phosure’ program included gaining the support 
of the Western Australian grains industry as a whole.  To gain this support ‘Phosure’ needed to be 
launched.  To gain the most value from the launch it was decided that attendees comprise of a cross 
section of various Industry players within the Grain handling supply chain.  The Industry players invited 
to the launch included grain handlers, grain marketers, silo manufacturers, farmer groups, phosphine 
suppliers and government departments. 
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Awareness and education campaign 
Following the launch of Phosure, the education and awareness campaign was implemented.  The first 
step was to make Phosure’s existence known to the target audiences identified.  The program 
implementation includes media releases, advertisements, ongoing attendance at farmer group zone 
meetings and industry group meetings.  The key messages are the consequence of loss of phosphine 
and the services Phosure provides.  Services offered include on-farm field day presentations, industry 
visits, information resources (both internet and hardcopy), and access to a network of advisory 
contacts. 
RESULTS 
Phosure program launch 
The Phosure program launch took place in late December 2004.  The key outcome of the launch 
included a strong commitment and support to extending the life of phosphine by all industry players 
present.  From the open forum there were 18 key implementation strategies formed.  These ranged 
from working with existing networks, point of sale training strategies, promotional/educational material 
strategies and future directions.  The launch resulted in the establishment of a reference group for 
future Phosure project strategies.  As a result of the launch a number of collaborative projects have 
begun.  An example of one such project is the trial of an on-farm fumigation method utilising a sealed 
silo with some slight modifications to enhance the safe and effective use of phosphine. 
Awareness and education campaign 
At present Phosure’s media program has begun through advertising within country papers, farmer 
group publications, media releases, web resources and radio interviews.  As a result of the launch and 
the continuing awareness campaign Phosure has begun to gain momentum.  The next step is to have 
representation at farmer group zone meetings throughout the State.  Currently Phosure is to have 
representation at WAFF zone meetings, CBH Outlook meetings and other farmer/industry group 
meetings. 
CONCLUSION 
The difficulty of any extension program is giving the target audience a reason to listen.  One of the 
biggest challenges for Phosure is to get farmers to realise the importance of protecting phosphine.  
Phosphine is a fumigant which has been used by farmers for over twenty years.  Also fumigation is a 
once or twice yearly event which tends to be forgotten once completed.  Therefore the need to be 
proactive in ensuring farmers use phosphine safely and effectively becomes all the more important. 
Historically extension has been driven by the Department of Agriculture.  The establishment of an 
industry driven program has given phosphine extension further backing and somewhat of an ‘adrenalin 
boost’.  The continued success of the program will be monitored through key performance indicators 
concentrating on number of industry meetings, on-farm field days and farmer feedback. 
KEY WORDS 
phosphine, extension, Phosure, resistance, education, awareness, grain, insects, fumigation, sealed 
storage 
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Optimum combinations of ripping depth and tine 
spacing for increasing wheat yield 
Mohammed Hamza and Wal Anderson, Department of Agriculture, WA; Merredin 
and Albany 
KEY MESSAGES 
• At 40 cm ripping depth yield was increased significantly at all tine spacings with the highest 
increases at 20 cm tine spacing.  
• If ripping depth is reduced to 30 cm tine spacing must be reduced to 30 or 20 cm.  
• No significant yield increase occurred at 15 cm ripping depth, regardless of tine spacing. In 
some cases, especially with the 40 cm tine spacing, yield decreased rather than increased. 
• Soil water infiltration rate decreased slightly after the first year of ripping for the 40 and 30 cm 
ripping depths while it decreased sharply for the 15 cm ripping depth indicating soil 
re-compaction. 
• Farmers should consider the cost of each combination against the profit generated by that 
particular combination before deciding which combination to choose.  
AIMS 
To determine the best combinations of ripping depth and tine spacing that give the highest yield. 
METHOD 
These experiments were started at a number of sites in the low and medium rainfall areas in 2003.  At 
each site an area of sandy and clay soil were selected (except for Merredin where only clay soil was 
used).  Gypsum was applied at 2.5 t/ha to all sites before ripping; sites were ripped using a standard 
Agrowplow with straight shank.  The experiments had three replicates of a factorial design with three 
ripping depths (D):  15, 30 and 40 cm, and three tine spacings (S):  20, 30 and 40 cm.  There were 
thus nine treatments in total (D15S20, D15S30, D15S40, D30S20, D30S30, D30S40, D40S20, 
D40S30 and D40, S40).  This paper discusses the grain yield and soil infiltration for Nungarin, 
Kellerberrin and Merredin sites in 2004. All sites were sown to wheat and treatments of each site 
received the same type and amount of fertilisers. 
RESULTS 
No significant yield increases occurred at any tine spacing for the 15 cm ripping depth, in some cases 
yield decreased rather than increased.  The soil stored water and water infiltration rate for the 15 cm 
ripping depth were significantly lower than those of 30 and 40 cm ripping depth and for all tine 
spacings. 
The highest significant yield increases for both sandy and clay soils occurred at the combination of the 
40 cm ripping depth and 20 cm tine spacing (D40S20).  These increases ranged from 17 to 31 per cent 
as compared with the control treatment, no ripping (Table 1).  The second highest significant yield 
increases were for the D40S30 treatment which has the same ripping depth (40 cm) but wider tine 
spacing (30 cm).  These increases ranged from 10 to 22 per cent.  The third highest significant yield 
increases occurred for the 30 cm ripping depth and 20 cm tine spacing (D30S20) where the yield 
increases were between 10 to 15 per cent.  Table 1 also shows that the treatments D40S40 and D30S30 
show close yield increases indicating that the shallower ripping depth in the treatment D30S30 was 
compensated for by the closer tine spacing. 
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Table 1. Grain yield increases as a percentage of the control treatment (no ripping) in the second year 
after ripping.  Yields (t/ha) of the control treatments for the sandy soils were 1.18 at 
Kellerberrin and 1.59 at Nungarin and for the clay soils were 1.04 at Kellerberrin, 1.72 at 
Nungarin and 2.23 at Merredin 
Kellerberrin Nungarin Merredin 
Treatment 
Sand Clay Sand Clay Clay 
D40S20 29 31 31 19 17 
D40S30 22 21 21 13 10 
D40S40 10 Ns 13 8 8 
D30S20 15 13 18 10 10 
D30S30 11 Ns 16 10 7 
The infiltration rate for 40 and 30 cm ripping depth showed a slight decrease for both the sandy and 
clay soils regardless of tine spacing as compared to the data from 2003 (Table 2) indicating a slight 
and minor soil re-compaction.  However, for the 15 cm ripping depth treatments the infiltration rate 
decreased slightly for the clay soils but sharply for the sandy soils.  These decreases were associated 
with an increase in soil strength (Figure 1).  Decreasing infiltration rate and increasing soil strength are 
signs of soil re-compaction.  It seems that sandy soils ripped to a shallow depth are prone to re-
compaction much faster than soils ripped more deeply because they are less responsive to gypsum 
application on one hand, and on the other hand the effect of any compaction load at the soil surface is 
transmitted faster and easier in the case of shallow ripping depth. 
Table 2. Infiltration rate (mm/h) measured for different combinations of ripping depth and tine spacing 
treatments 
Kellerberrin Nungarin Merredin 
Treatment 
Sand Clay Sand Clay Clay 
Control 11 9 12 11 9 
D15S30 17 27 20 25 17 
D30S30 45 42 46 46 33 
D40S30 47 44 53 50 35 
D30S20 45 46 53 56 31 
D30S40 41 34 46 48 30 








Figure 1. Changes in strength for the sandy soil in Tammin site after a year of ripping the soil. 
CONCLUSION 
Soils ripped deeper with narrower tine spacing store more water, infiltrate water faster and have lower 
resistance to plant roots (data not shown).  Accordingly a combination of deeper ripping depth and 
closer tine spacing can give higher yield increases.  At the same time, compacted soils, especially 
sandy soils, ripped to a shallow depth will be re-compacted much faster than soils ripped to a deeper 
depth regardless of the presence of an aggregating agent such as gypsum.  The choice of the best 
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Hardpan penetration ability of wheat roots 
Tina Botwright Acuña and Len Wade, School of Plant Biology, University of 
Western Australia; Crawley 
KEY MESSAGES 
A method for evaluating hardpan and drought effects on root growth of wheat was validated.  Halberd 
had a greater hardpan penetration ability and water use than other lines. 
AIMS 
Around a third of arable land in Western Australia is in the low rainfall zone and grain yield of wheat in 
this zone averages 1 t/ha.  Clay duplex soils and those compacted by heavy farm machinery restrict 
water infiltration and root penetration as roots cannot grow through soil pores narrower than their 
diameter, and are instead deflected and thicken.  Genetic variation in cereal crops for penetration of 
hard soils has not been established in Australia, and may be complementary to management 
approaches already in use to achieve further improvements in grain yield in these difficult 
environments.  The ability of roots to penetrate hard soil has been simulated experimentally by 
growing plants in artificially-compacted soil or in pots containing a thin paraffin wax-petroleum jelly 
layer.  A glasshouse experiment was conducted to validate the wax-layer method and to compare root 
biomass and water use in four wheat cultivars in drought or well-watered conditions, with or without a 
wax layer.  
METHOD 
Wheat cultivars Halberd, Cranbrook, Chuan Mai 18 (CM18) and Vigour 18 (V18) were grown in pots 
85 cm tall and 15 cm diameter in a Karrakatta sand amended with the appropriate nutrients.  A 3 or 
60% paraffin wax:  petroleum jelly wax layer (PW), 5 mm thick, was inserted at a depth of 15 cm below 
the soil surface.  Pots were well-watered (WW) until 18 days after sowing (DAS), after which half of the 
pots received no further irrigation (drought stressed, DS).  The experimental design was a factorial 
with three replicates.  Water use was measured by weighing pots every two to three days until harvest 
at 48 DAS.  Shoots were harvested at the soil surface and the number of tillers counted.  Pots were 
split in two and roots were removed by washing soil from above and below the wax layer.  Roots and 
shoots were dried at 60°C for 48 hours and weighed.  The proportion of root DM above and below the 
wax layer was used as an indicator of root penetration ability.  Data were analysed using a split-plot 
design with the ANOVA procedure in GenStat v 6.1. 
RESULTS 
Cultivars CM18 and V18 had early maturity but V18 and Halberd were 95% taller, on average, than 
CM18 and Cranbrook through the expression of the tall (rht) height gene (Table 1).  Above-ground dry 
mass (DM) was, on average, 25% greater in V18 and Halberd, which tillered profusely, than in CM18 
and Cranbrook.  Drought stress reduced plant height by 35%, above-ground DM by 65% and total root 
DM by 50%, across cultivars (Table 1).  Under well-watered conditions, a wax layer increased total 
root DM by 17% across cultivars, and was mainly attributed to the large root mass of Halberd, which 
was between one to three-fold greater than CM18, Cranbrook or V18. While 41% of CM18 total root 
DM was in the upper 15 cm of the pot, root DM of Halberd and V18 was more evenly distributed above 
and below the wax layer.  On average, drought stress increased the proportion of roots beneath the 
wax layer by 13% compared to well-watered treatments.  
Without a wax layer, Halberd used water more quickly as drought stress intensified from 10 to 22 days 
after the last irrigation (Figure 1a).  Water use of Halberd then declined rapidly in drought-stressed 
pots, especially in the absence of a wax layer, where all of the plant available water was used five 
days earlier than in pots with wax layers (Figure 1a).  In contrast, the presence of a wax layer had no 
effect on the pattern of water use of Cranbrook under drought stress (Figure 1b).  Halberd extracted 
5% more soil water on average than Cranbrook (data not shown).  V18 and CM18 had similar patterns 
of water use to Halberd and Cranbrook, respectively (data not shown). 
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Table 1. Effect of wax layer × water regime and cultivar on plant height, biomass partitioning to shoots 
and roots and the proportion of roots at depths greater than 15 cm (i.e. below the wax layer) at 
48 DAS.  Abbreviations:  AGDM above-ground dry mass, DAS days after sowing, DS drought 











Root DM  
beyond 15 cm 
(%) 
Wax layer × Water regime    
WW 55 999 648 63 
WW + PW 53 1092 784 60 
DS 33 445 355 73 
DS + PW 37 421 348 76 
LSD 11 200 83 5 
Cultivar     
Cranbrook 29 674 509 66 
Halberd 68 891 770 75 
V18 73 791 372 71 
CM18 44 601 485 59 
LSD 5 112 57 4 
Time after water withheld (days)
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Figure 1. Water use of wheat cultivars Halberd and Cranbrook under drought stress, with and without 
wax layers.  Symbols represent two wax layer impedances:  ?) low, 3:97; and  ?) high, 60:40 
paraffin wax:petroleum jelly.  Bars represent the SE. 
CONCLUSION 
We have provided initial evidence of genotypic variation in hardpan penetration ability in wheat, and of 
a suitable technique for its study.  A wax layer was able to restrict root growth and water uptake and 
showed a difference in these traits.  In this experiment, Halberd had the greatest root penetration 
ability and water use of the four wheat cultivars.  The technique will be used to evaluate a wider range 
of wheat cultivars and breeding lines for root penetration of wax layers and water-use under drought, 
but requires validation to ensure that the identified traits are effective against real hardpans in the field.  
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wheat, hardpans, drought, root traits 
ACKNOWLEDGMENTS 
Start-up grants awarded to Len Wade from the GRDC and UWA supported this research. 
Paper reviewed by: Dr Tim Colmer, The University of Western Australia 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
90 
Latin America:  An emerging agricultural powerhouse 
Ingrid Richardson, Food and Agribusiness Research, Rabobank; Sydney 
KEY MESSAGES 
• How, and in what way, is grain and oilseed production and trade changing? 
• What are the potential impacts of Latin America’s rapid expansion for Australian growers? 
HOW, AND IN WHAT WAY, IS GRAIN AND OILSEED PRODUCTION AND TRADE 
CHANGING? 
Australia is one of the top five grain exporting nations in the world, along with the US, Canada, 
Argentina, and the EU.  Export markets are integral to Australia’s grain and oilseed sector.  As a 
consequence, the changing demand and supply dynamics of a number of grains and oilseeds 
(including not only wheat, barley, and canola, but also corn and soybeans) will have an impact on 
Australian growers. 
As distinct from Australia, soybeans are a significant crop in the Americas.  The production and trade 
of this oilseed was once dominated by the US, however, over the last ten years the focus of production 
has shifted south to Brazil and Argentina.  The combined production of these two countries now 
surpasses that of the US.  Since 1990, soybean production has more than doubled in Argentina and 
Brazil, while Argentina’s wheat and corn production is up 75% and 105% respectively.  In contrast, 
soybean and corn production in the US have expanded by 42% and 25% respectively, while wheat 
production has declined.  
Brazil has unmatched potential as an agricultural producer and exporter and is endowed with land, 
water and a favourable climate.  According to a USDA report ‘Brazil has the technical potential to 
increase national soybean area and production nearly tenfold’.  The combined land area of Argentina 
and Brazil is 1.1 billion hectares; this is 22% larger than the US and 46% larger than Australia.  More 
importantly, Brazil has an estimated 547 million hectares of virgin land, with as much as 25% of this 
described as cerrado, which is savannah-like flat land.  In addition, Brazil and Argentina both have 
large areas of land under permanent pasture (185 mha and 142.5 mha respectively) which supports 
grass-fed cattle industries and which has the potential to be converted into crop land, if the market 
signals are encouraging. 




















US 3 135 28 30 24 21 238 17 2 42 299 
Brazil 3.1 31 41 15 49* 43 179 38 7 55 279 
Argentina 2.7 63 52 7 17 6 145 22 3 55 225 
Source:  Rabobank estimates based on market information, 2004. 
* This higher cost reflects the presence of soybean rust.  Soybean rust was not present in the US until late 
2004, but having now been detected, it is expected that chemical costs for soybean production will now rise in 
the US. 
Typically, one would think that the lower labour costs in emerging economies would confer an 
advantage in terms of costs of production.  However, the cost of capital (particularly relevant to the 
cost of machinery) tends to be higher, thus negating any benefits of lower labour costs.  As Table 1 
illustrates, the combined cost of labour and machinery in Argentina is far higher than in the US.  On 
the other hand, working in Argentina’s favour is the significantly lower cost of inputs as a result of 
lower fertiliser application rates.  Argentina has much more fertile soils when compared to poorer, 
tropical soils in Brazil, although it could be reasonably expected that Argentina will lose this advantage 
over time as soil fertility declines.  Brazil’s yield advantage comes largely from climatic advantages. 
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One of the most important differences and the key to Latin America’s competitive advantage, in soy 
production is to do with the cost of land.  The lower cost (and greater availability) of land in Brazil and 
Argentina effectively neutralises any cost savings US farmers make with more efficient, highly 
mechanised production methods. 
Brazil provides an excellent case study into how a lack of logistics and infrastructure is a constraint to 
further development.  Transportation or logistics costs can account for approximately 30-35% of the 
final price of the exported product according to Brazil’s Minister of Agriculture.  This compares with 
approximately 10% of final price in countries with developed infrastructure.  These statistics come as 
no surprise when only 5% of Brazil’s roads are paved and rail infrastructure is poor. 
IMPLICATIONS FOR AUSTRALIA 
Production expansion in Brazil and Argentina will have global ramifications, even for Australia, a 
non-player in the global soybean market.  First and foremost, increased production has had a negative 
impact on world oilseed prices over the twelve months.  In addition, there have been increased corn 
plantings as US producers’ competitive advantage in soy production has eroded and margins have 
become increasingly tight.  As a result, growers have shifted their operations to corn (corn and 
soybeans are grown interchangeably, much like barley and wheat in Australia).  US corn production 
reached a record 256 mt in 2003/04, a huge volume by any standard.  Corn is used for food, feed and 
industrial uses and increasingly large volumes are available for use around the globe. 
Secondly, the soybean has a dual role – both as a source of oil and as a source of meal for animal 
feed.  As economies grow and incomes rise, people increase the animal protein component of their 
diets (at the moment, this trend is particularly noticeable in Asia).  An increased consumption of meat 
flows back through the chain resulting in increasing feed consumption.  Soy meal is a cheap source of 
feed and is high protein and energy-rich.  In essence, the most significant outcome for Australian 
growers is the increase in competition in feed grain markets and the inevitable decline in price that will 
occur for this kind of bulk, undifferentiated grain. 
Analysing Australia’s competitive position in relation to Argentinean wheat production gives a more 
direct comparison of the cost competitiveness of Latin American agriculture.  Table 2 illustrates that 
Australia’s wheat production is cost comparative with Canada and significantly more competitive than 
the US but significantly less competitive than Argentina. 
Table 2. Costs of production for wheat in selected countries, 2003 crop year 
 FRA USA UK CND AUS ARG RUS UKR 
Wheat cost of production (AUD/mt) 164.9 159.5 144 135.5 125 68.7 66.6 65 
Source:  Rabobank estimates, 2004. 
However, despite relatively more expensive production costs, Australia continues to benefit from the 
combined advantage of lower freight costs into Asian markets and better grain quality and 
consistency.  Competition for Australian wheat is likely to come from traditional players, particularly 
Canada and the US.  In recent years, US and Canadian wheat breeders have been making a 
concerted effort to develop new varieties of hard white wheat (HWW) to compete directly with 
Australian hard white classifications.  The demand outlook for hard white wheat is decidedly positive:  
its end-use characteristics make it suitable for a range of products from bread or tortillas to noodles for 
the Asian market.  According to US Wheat Associates, Asia is the fastest growing market for wheat in 
the world and noodles are the fastest growing segment.  The aim of the US and Canadian HWW 
breeding programs is to develop a variety to compete directly in Asian markets where Australia has a 
long-term dominance and significant market share. 
CONCLUSION 
The position of Australian grain exports is by no means as secure today as it has been in the past.  
However, Australian grain companies have progressively worked to establish strong supply 
relationships around the world, with an increasing importance placed on the Asian market.  The quality 
and consistency of Australian grain will ensure access to long-established and emerging markets, 
even in the face of increasing competition from traditional and non-traditional exporters. 
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